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Background: Based upon preclinical evidence for improved antitumor activity in combination, this phase I study
investigated the maximum-tolerated dose (MTD), safety, activity, pharmacokinetics (PK), and biomarkers of the
mammalian target of rapamycin inhibitor, temsirolimus, combined with sorafenib in hepatocellular carcinoma (HCC).
Patients and methods: Patients with incurable HCC and Child Pugh score ≤B7 were treated with sorafenib plus
temsirolimus by 3 + 3 design. The dose-limiting toxicity (DLT) interval was 28 days. The response was assessed every
two cycles. PK of temsirolimus was measured in a cohort at MTD.
Results: Twenty-five patients were enrolled. The MTD was temsirolimus 10 mg weekly plus sorafenib 200 mg twice
daily. Among 18 patients at MTD, DLT included grade 3 hand–foot skin reaction (HFSR) and grade 3
thrombocytopenia. Grade 3 or 4 related adverse events at MTD included hypophosphatemia (33%), infection (22%),
thrombocytopenia (17%), HFSR (11%), and fatigue (11%). With sorafenib, temsirolimus clearance was more rapid
(P < 0.05). Two patients (8%) had a confirmed partial response (PR); 15 (60%) had stable disease (SD). Alpha-
fetoprotein (AFP) declined ≥50% in 60% assessable patients.
Conclusion: The MTD of sorafenib plus temsirolimus in HCC was lower than in other tumor types. HCC-specific
phase I studies are necessary. The observed efficacy warrants further study.
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introduction
Despite improvements in overall survival with the multikinase
inhibitor, sorafenib, outcomes remain grim in advanced
hepatocellular carcinoma (HCC) [1]. Multiple randomized,
phase III trials of other targeted therapies in HCC have not
demonstrated benefit, underscoring the challenges of hepatic
dysfunction, chemoresistance, and poorly understood
therapeutic targets in this prevalent disease [2–4].
Activation of the mammalian target of rapamycin (mTOR)

kinase leads to malignant transformation in HCC cell lines
[5–7]. Approximately 50% of human HCC demonstrate
aberrant mTOR pathway activation [6]. Inhibition of mTOR
in preclinical models of HCC reduces proliferation, impairs

angiogenesis, delays metastasis, and improves survival [6, 8–10].
Small phase I and II studies of the allosteric mTOR inhibitors,
everolimus and sirolimus, suggest modest single-agent activity in
advanced HCC [11, 12]. A meta-analysis of 2950 patients
showed significantly reduced HCC recurrence (odds ratio 0.42,
95% confidence interval 0.21–0.83) post liver transplantation
with sirolimus-based compared with non-sirolimus-based
immunosuppression [13].
Addition of an mTOR inhibitor to sorafenib augments

antitumor effects in HCC preclinical studies in vitro and
in vivo [14–21], though there are limited clinical data on
the combination in HCC [22, 23]. In a phase I study of the
combination of everolimus and standard dose sorafenib (400
mg twice daily) in advanced HCC, the maximum-tolerated
dose (MTD) of everolimus was 2.5 mg daily (25% of standard
dose) [22]. PK studies in other tumor types have not identified
an interaction between sorafenib and sirolimus or its analogs
[22, 24, 25]. An organ dysfunction PK study of the allosteric
mTOR inhibitor, temsirolimus, showed no significant
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difference in temsirolimus exposure as a single agent in
patients with mild-to-moderate liver dysfunction by National
Cancer Institute (NCI) Organ Dysfunction Working Group
(ODWG) criteria; with severe impairment, however, exposure
was significantly increased [26].
We developed a phase I trial to determine the safety and

MTD of the combination of temsirolimus and sorafenib as
first-line therapy in patients with incurable HCC and normal-
to-mild hepatic dysfunction. PK of temsirolimus and its major
metabolite, sirolimus, were carried out in an expanded cohort
at the MTD to evaluate for interaction with sorafenib.
Candidate biomarkers were explored.

patients and methods
All patients provided written informed consent. The trial was approved by
the two participating centers’ Institutional Review Boards and the NCCN
Temsirolimus Scientific Review Committee. The study was conducted in

accordance with the Declaration of Helsinki and Good Clinical Practice.

patient selection
Patients were recruited and treated at the UCSF Helen Diller Family
Comprehensive Cancer Center and the Robert H. Lurie Comprehensive
Cancer Center of Northwestern University. The principal inclusion criteria
were: radiographic [27] or histologic diagnosis of American Joint Committee
on Cancer (AJCC) stage II, III, or IV HCC not eligible for curative therapies;
no prior systemic therapy; Child Pugh A or B with ≤7 points; Eastern
Cooperative Oncology Group (ECOG) performance status ≤2; measurable
disease by Response Evaluation Criteria in Solid Tumors (RECIST) version
1.1; ≥6 weeks since prior liver-directed therapy or resection; co-treatment
with antiviral therapy if active HBV; and adequate organ function (absolute
neutrophil count ≥1500/mcl, platelet count ≥75 000/mcl, total bilirubin ≤1.5
times upper limits of normal (ULN), AST/ALT less than five times ULN,
INR ≤1.5 times ULN, albumin ≥2.8 g/dl). The exclusion criteria included
mixed histology, transplantation, HIV, and uncontrolled blood pressure,
diabetes, or hyperlipidemia.

study design and treatment
Standard 3 + 3 dose escalation was employed. An expansion cohort of nine
patients was enrolled for PK and exploratory biomarker testing once the
MTD was identified. The primary end points were determination of MTD
and recommended phase II dose (RP2D). The secondary end points
included safety, PK, response rate, and progression-free survival (PFS).

The cycle length was 28 days. Temsirolimus was administered by
intravenous (IV) infusion over 30–60 min weekly with diphenhydramine
premedication. The starting dose of temsirolimus was 15 mg i.v. weekly
(Table 2), one dose level below the standard single agent dose of 25 mg i.v.
weekly. Sorafenib was initiated on cycle 1, day 1. The starting dose of
sorafenib was 200 mg orally twice daily, also one dose level below standard
dose, due to the established high incidence of dose reduction required as a
single agent in HCC patients [1, 2]. In the expansion cohort, temsirolimus
was administered over a fixed duration of 60 min during cycle 1, with
sorafenib initiation day 8.

safety assessments
Dose-limiting toxicities (DLTs) and adverse events were graded by NCI
Common Terminology Criteria for Adverse Events, version 3.0. Patients
were continuously monitored for toxicity. Clinical evaluation occurred
weekly during cycle 1 and monthly thereafter. Laboratory monitoring was

carried out weekly in all cycles. Fasting glucose, cholesterol panel, and
hepatitis viral DNA or RNA quantitation (if serology positive) were
monitored each cycle. DLT were defined as treatment-related grade 4
hematologic toxicity (except grade 4 leukopenia <7 days), grade 3
thrombocytopenia ≥7 days, or grade ≥3 clinically-relevant, non-
hematologic toxicity despite optimal supportive care. Exceptions were
grade 3 hypertension if medically optimized within 14 days,
hypophosphatemia, or fatigue. Toxicity from chronic liver disease required
increase ≥2 grades from baseline to be considered a DLT. DLT included
any treatment-related toxicity requiring dose reduction or delay >8 days
within cycle 1.

PK analyses
In the expansion cohort at the MTD, PK was carried out using a validated
liquid chromatography-mass spectrometry (LC-MS)/MS method for
temsirolimus and sirolimus [28]. Whole blood samples were obtained pre-
sorafenib in cycle 1 at 0 (pre-dose), 1, 3, 5, 24, 48, and 168 (pre-dose)
hours from the first temsirolimus infusion. Sorafenib was started on day 8,
with expected steady-state by day 15 [29]. Repeat PK samples were

obtained starting cycle 1, day 15, at the same time points. PK for sorafenib
was not carried out due to high inter-patient variability and absence of
association with toxicity or efficacy [30–33]. PK analyses were carried out
by noncompartmental pharmacokinetic (PK) methods using Phoenix
WinNonlin®, Version 6.2.1 (Pharsight Corporation, Mountain View, CA).

efficacy assessments
Baseline radiographic tumor assessment by computed tomography or
magnetic resonance imaging imaging of chest, abdomen (triphasic
recommended), and pelvis was carried out within 28 days of enrollment.
Restaging assessments were carried out every 8 weeks (±7 days) using
RECIST 1.1 by an independent radiologist [34]. PFS was calculated in
months from the first dose of protocol therapy to date of removal from
study for clinical or radiographic progression or death. PFS of patients
removed for reasons other than progression or death was censored at the
date last known to be progression-free.

exploratory biomarker assessments
AFP, AFP-L3, and DCP
Serum AFP was measured at baseline and on day 1 each cycle. In the
expansion cohort, AFP-L3 and DCP (LabCorp, Inc.) were measured at
baseline and after one and two cycles. AFP levels ≥20 ng/ml, DCP levels
≥7.5 ng/ml, and AFP-L3% of ≥10% were considered elevated [35, 36].

Circulating tumor cells (CTC)
A nonenrichment, high-definition (HD)-CTC assay was carried out in the
expansion cohort at baseline and after one and two cycles. The HD-CTC
assay was carried out in the Kuhn Laboratory at The Scripps Research

Institute using published methods [37].

statistical methods
Frequency and proportions were used for safety, response, and AE. Mean
and standard deviation with t-tests were used for PK. The final cohort of
18 patients treated at MTD provided 78% likelihood of observing (at least
once) toxicity with a true occurrence rate of at least 15%. Kaplan–Meier
methods were used to summarize PFS with 95% confidence interval.
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results

patient characteristics
Twenty-five patients were enrolled and received at least one
dose of both study drugs between December 2009 and April
2012 (Table 1).

dose-finding, DLT, and maximum-tolerated dose
Patients were enrolled starting at dose level 1 (Table 2). At
dose level 1, two patients were not assessable due to unrelated
AE (supplementary Table S3, available at Annals of Oncology
online). Due to cumulative and heterogeneous post-DLT
toxicity requiring dose reductions after cycle 1 in all assessable
patients (supplementary Table S3, available at Annals of
Oncology online), dose level 1 was considered non-tolerable,
and the study was de-escalated. At dose level 1, 3 were not
assessable for toxicity due to unrelated complications
(supplementary Table S3, available at Annals of Oncology
online). Among six assessable patients, 1 DLT of grade 3
hand–foot skin reaction (HFSR) occurred. Dose level −1 was
defined as MTD and RP2D.
Nine additional patients were enrolled to an expansion

cohort at dose level −1 (Table 2). One patient was not
assessable for toxicity or efficacy (supplementary Table S3,
available at Annals of Oncology online). Among eight
assessable patients, one experienced grade 3 thrombocytopenia
plus grade 2 neutropenia requiring temsirolimus dose
reduction within DLT window.

safety and tolerability
Treatment-related AEs are listed in Table 3. Among the 18
patients treated at MTD, grade 3 and 4 events possibly
treatment-related and occurring in ≥10% were:
hypophosphatemia in 6 (33%), infection with normal or grade
1/2 neutrophils in 4 (22%), abnormal liver function tests in 4
(22%), thrombocytopenia in 3 (17%), HFSR in 2 (11%), and
fatigue in 2 (11%). Hypophosphatemia was asymptomatic and
responded to phosphorus supplementation. Liver function test
abnormalities were asymptomatic. There were no bleeding or
transfusion events. Both cases of grade 3 HFSR resolved after
dose reduction in sorafenib. There was one event (4%) of grade
1 asymptomatic radiographic pneumonitis attributed to
temsirolimus which resolved after drug discontinuation for
progressive disease. All four events of grade 3 or 4 infection
resulted in serious AE (SAE) and consisted of (1 each): gram-
negative urosepsis, cellulitis arising from HFSR, dental abscess
from pre-existing caries, and community-acquired pneumonia.
All were reversible. There were no events of hepatic
decompensation from reactivation or exacerbation of viral
hepatitis. Another possibly related SAE of grade 4 tumor
rupture (with normal platelet count) manifesting with pain
and hypotension occurred at dose level −1 during cycle 6 in
the setting of tumor progression and resulted in death within
30 days. Overall, 12 patients (48%) experienced SAE, of which
5 (20%) were at least possibly treatment-related.
Among 18 patients treated at MTD, dose reductions were

required in sorafenib in 3 (16.7%), in temsirolimus in 2
(11.1%), and in both drugs in 2 (11.1%). Eleven patients

(61.1%) did not require dose reduction. Dose modifications
were protocol-defined and according to investigators’
attribution of toxicity.

Table 1. Patient characteristics (n = 25)

Characteristic Number or median
(range)

%

Gender
Male 19 76
Female 6 24

Age (years)
Median (range) 60 (45–77)

Baseline body weight (kg)
Median (range) 73.6 (54.0–122.5)

Race/ethnicity
African-American 2 8
Asian 6 24
Caucasian 16 64
Non-Hispanic/Latino 13 52
Hispanic/Latino 3 12
Native American 1 4

ECOG
0 14 56
1 11 44

Cause of liver disease
HCV 8 32
HCV plus cleared HBV 6 24
HBV 4 16
Alcoholic liver disease 2 8
Unknown/idiopathic 5 20

Child pugh class
A 24 96
B 1 4

Baseline Albumin (g/dL)
Median (range) 3.4 (2.6–4.5)

NCI-ODWG category
Normal 8 32
Mild 17 68
Moderate/severe 0 0

Histologically-confirmed HCC diagnosis 21 84
BCLC Stage
B (intermediate) 4 16
C (advanced) 21 84

Macroscopic vascular invasion present 10 40
Extrahepatic spread present 19 76
Baseline AFP elevated ≥ 20 ng/mL 17 68
Median AFP (ng/mL) (range) 77.5 (2.6–89.035)

Previous therapya

Surgical resection 8 32
Bland embolization 2 8
Chemoembolization (TACE) 8 32
Radioembolization 6 24
Ablation (radiofrequency or
microwave)

2 8

None 6 24
Treatment site
University of California, San Francisco 17 68
Northwestern University 8 32

a5 patients had ≥1 prior therapeutic modality.
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Table 2. Patient distribution by dose level and DLTs

Dose level Sorafenib dose Temsirolimus dose Number
enrolled

Number evaluable
for DLT

DLT (n) DLT events

3 400 mg PO BID 25 mg IV weekly 0 0 0
2 400 mg PO BID 15 mg IV weekly 0 0 0
1 (starting dose) 200 mg PO BID 15 mg IV weekly 7 5 1a Grade 3 platelets requiring

dose reduction
−1 (MTD) 200 mg PO BID 10 mg IV weekly 9 6 1 Grade 3 HFSR
Expansion cohort
at −1 (MTD)

200 mg PO BID 10 mg IV weekly 9 8 1 Grade 3 platelets plus grade
2 ANC requiring dose

reduction
−2 200 mg PO QD 10 mg IV weekly 0 0 0

aDe-escalated to dose level −1 due to cumulative lack of tolerability without meeting the DLT criteria.

Table 3. Treatment-related toxicity

Body system general term Overall (n = 25) Dose level 1 (n = 7) Dose level −1 (n = 18a)

All grades Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4

Blood/bone marrow
Hemolysis 1 (4%) 0 1 (14%) 0 0
Platelets 15 (60%) 2 (29%) 2 (29%) 9 (50%) 3 (17%)
Neutrophils/granulocytes 7 (28%) 1 (14%) 0 5 (28%) 1 (6%)
Hemoglobin 7 (28%) 0 0 7 (39%) 0
Cardiac/hypertension 2 (8%) 1 (14%) 0 0 2 (11%)

Constitutional symptoms
Fatigue (asthenia, lethargy, malaise) 16 (64%) 4 (57%) 0 9 (50%) 3 (17%)

Weight loss/anorexia 13 (52%) 5 (71%) 0 9 (50%) 0
Rigors/chills 5 ( 20%) 0 0 6 (33%) 0

Dermatology/skin
Rash/desquamation/other 14 (56%) 6 (86%) 0 8 (44%) 0
Hand–foot skin reaction 7 (28%) 0 1 (14%) 4 (22%) 2 (11%)
Hair loss/alopecia (scalp or body) 4 (16%) 1 (14%) 0 3 (17%) 0
Pruritus/itching/dry skin 5 (20%) 0 0 6 (33%) 0

Gastrointestinal
Diarrhea 12 (48%) 5 (71%) 0 5 (28%) 2 (11%)
Mucositis/stomatitis 7 (28%) 2 (29%) 0 5 (28%) 0
Nausea 7 (28%) 2 (29%) 0 5 (28%) 0
Ascites (non-malignant) 1 (4%) 0 0 0 1 (6%)

Hemorrhage/bleeding
Epistaxis 2 (8%) 0 0 2 (11%) 0
Liver tumor rupture 1 (4%) 0 0 0 1 (6%)b

Hypersensitivity/infusion reaction 1 (4%) 0 1 (14%) 0 0
Infection with≤Grade 2 neutrophils 5 (20%) 0 0 1 (6%) 4 (22%)b

Lymphatic/edema 3 (12%) 0 0 2 (11%) 1 (6%)
Metabolic/Laboratory
Hypophosphatemia 20 (80%) 1 (14%) 5 (71%) 8 (44%) 6 (33%)
Hypokalemia 3 (12%) 1 (14%) 0 0 2 (11%)
Hypomagnesemia 4 (16%) 1 (14%) 1 (14%) 2 (11%) 0
Elevated creatinine 4 (16%) 2 (29%) 0 2 (11%) 0
Hyperglycemia 3 (12%) 2 (29%) 0 1 (6%) 0
Hypertriglyceridemia 4 (16%) 3 (43%) 0 1 (6%) 0
Abnormal liver function tests 16 (64%) 2 (29%) 0 10 (56%) 4 (22%)
Neuropathy, sensory 3 (12%) 1 (14%) 0 2 (11%) 0
Pain 7 (28%) 0 0 6 (33%) 1 (6%)

aIncludes nine patients in the expansion cohort.
bSerious AEs (SAEs). Only toxic effects attributed as at least possibly treatment-related are included. All grade ≥3 toxic effects are reported. For grade ≤2
toxic effects, only those with ≥10% incidence overall (three or more events) are reported. For overlapping toxic effects (i.e. weight loss and anorexia), only
the highest grade and/or most clinically relevant is reported.
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pharmacokinetics
PK profiles for temsirolimus and its metabolite, sirolimus,
before and after addition of sorafenib in six patients treated at
MTD are shown in Table 4 and Figure 1. One patient was not
assessable for PK after cycle 1, day 8 due to removal from
study for unrelated complication of gallstone cholecystitis. One
patient was not assessable for cycle 1, day 22 time point due to
a missing specimen.
Peak drug concentration (Cmax) for temsirolimus was similar

before and after addition of sorafenib. In this small sample,
clearance of temsirolimus was more rapid after addition of
sorafenib (4.37 l/h versus 5.86 l/h, statistical t-test, P < 0.05),
with a nonsignificant decrease in temsirolimus half-life, and
the mean area under concentration–time curve (AUCinf ) for
temsirolimus appeared to be lower (statistical t-test, P < 0.05).
There was a nonsignificant trend toward increase in Cmax and
AUCinf for sirolimus after addition of sorafenib. There was
significant interpatient variability for Cmax and AUCinf for
sirolimus across time points (Table 4, Figure 1).

efficacy
Four of 25 (16%) were not assessable for clinical or
radiographic response due to removal from study for non-
progression-related and non-treatment-related adverse events
or withdrawal of consent before post-baseline imaging. Two
patients (8%) (both at MTD) experienced a confirmed partial
response (PR) , while 15 (60%) had stable disease (SD) as best
response, with an overall disease control rate of 68% (Table 5).
One additional patient demonstrated PR (unconfirmed) after
data cut-off resulting in 3 of 25 (12%) with PR; all had HCV
and were treated at dose level −1 (MTD). Formal testing for
association between response and demographic characteristics
was not possible due to small sample. Overall, tumor
regression from baseline was observed in 12 patients (48%)
(supplementary Figure S2, available at Annals of Oncology
online). PR or SD was observed for ≥6 months on study in five
patients at MTD (20% overall). Among the 18 patients treated
at dose level −1, the median PFS was 5.65 months (95%
confidence interval (CI): 5.38–6.45) with range 1.3–22.8
months. A median of 3.1 cycles were completed in the MTD

cohort. Two patients remained on study at the time of data
cut-off.

tumor markers: AFP, AFP-L3, and DCP
At baseline, 17 of 25 (68%) had elevated AFP values ≥20 ng/ml,
with median 77.5 (range 2.6–89,035) ng/ml. AFP decline of
≥50% on study was observed in 9 of 15 assessable (60%)
(supplementary Figure S3, available at Annals of Oncology
online). Baseline levels of AFP (dichotomized and continuous)
were not associated with PFS by Pearson’s correlation test
(P = 0.40). AFP decline ≥50% showed a nonsignificant trend
toward longer PFS by a log-rank test (P = 0.15).
Among the nine patients tested in the expansion cohort, six

(67%) and seven (78%) had elevated AFP-L3 ≥10% and DCP
≥7.5 ng/ml at baseline. Baseline and changes in levels on
therapy were not significantly associated with PFS by Pearson’s
correlation test, but interpretation is limited by the small
sample.

Table 4. PK of temsirolimus and sirolimus after a 10 mg dose of
temsirolimus

Without sorafenib (n = 6) With sorafenib at steady
state (n = 4 or 5)

TEM SIR TEM SIR

Cmax (µg/l) 257 ± 54.2 22.0 ± 5.32 257 ± 29.2 33.1 ± 15.8
Tmax (h) 1 17.8 ± 17.8 1 8 ± 9
T1/2 (h) 22. ± 4.42 73.4 ± 17.5 18.3 ± 5.16 133 ± 115
AUC0-168 h (h·µg/l) 2220 ± 415 2062 ± 582 1664 ± 435 2495 ± 1329
AUCinf (h·µg/l) 2356 ± 435 2635 ± 908 1761 ± 390a 3707 ± 2198
AUCsum (h·µg/l) – 4991 ± 861 5521 ± 2257
CL (l/h) 4.37 ± 0.808 4.21 ± 1.54 5.86 ± 1.01a 4.93 ± 5.41
Vdss (l) 86.6 ± 23.0 454.3 ± 183 61.3 ± 32.5 335 ± 192

aStatistical t-test, P < 0.05. TEM = temsirolimus; SIR = sirolimus.

Table 5. Patient disposition and best response

Outcome Number of patients
(n = 25)

%

Best response (RECIST version 1.1)
Confirmed partial response (PR)a 2 8%
Stable disease (SD) 15 60%
Progressive disease (PD) 4 (1 radiographic, 3

clinical)
16%

Not assessableb 4 16%
Reason for discontinuationc

Progressive disease (radiographic or
clinical)

12 48%

Related toxicity 3 12%
Unrelated toxicity 3 12%
Withdrawal of consent/noncompliance 5 20%

aOne additional unconfirmed PR occurred after data cut-off (not included).
bNot assessable because: removed for unrelated toxicity (2), removed for
withdrawn consent/inability to comply (2).
cTwo patients remained on study at the time of data cut-off on 20 July
2012.

Figure 1. Sorafenib effect on temsirolimus and sirolimus concentration.
Temsirolimus AUCinf was lower and clearance more rapid in the presence
of sorafenib by a statistical t-test (P < 0.05) though interpretation is limited
by small sample size (n = 4–6). The 72 and 96 h time points were optional
and not obtained in any patient.
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circulating tumor cells
More than one CTCs per millilitre were detected in seven
(78%) of nine patients in the expansion cohort (supplementary
Figure S4, available at Annals of Oncology online). Due to small
sample, no formal testing for association with PFS or response
was possible.

discussion
This phase 1 study demonstrates that temsirolimus combined
with sorafenib has an acceptable safety profile in patients with
incurable HCC and normal or mild hepatic dysfunction, with
similar rates of SAE and grade ≥3 AE as reported for single-
agent sorafenib [1, 2, 4]. The MTD and RP2D of this
combination regimen are temsirolimus 10 mg IV weekly plus
sorafenib 200 mg twice daily. The most common treatment-
related adverse events were hypophosphatemia, abnormal liver
function tests, fatigue, thrombocytopenia, rashes (including
HFSR), anorexia/weight loss, and diarrhea, with the majority
responsive to supportive care or dose modification. Of note,
there were four events (16% overall) of grade 3 or 4 bacterial
infection (without ≥grade 2 neutropenia). While bacterial
infections are frequent in patients with underlying liver
dysfunction independent of therapy [38] and uncommon in
other studies of mTOR inhibitors combined with sorafenib [24,
25, 39, 40], an increased risk of bacterial infection from this
regimen in HCC patients cannot be excluded.
As expected, the Cmax for both temsirolimus and sirolimus

after a 10 mg dose of temsirolimus was lower than historical
controls of healthy volunteers and cancer patients without
hepatic dysfunction treated with a 25 mg dose [26, 41].
Unexpectedly, however, the AUC of both temsirolimus and
sirolimus, after a 10 mg dose of temsirolimus before starting
sorafenib, was similar to non-HCC subjects treated with a 25
mg dose, and clearance appeared to be slower [26]. This
finding suggests that metabolism may be diminished in HCC
patients compared with historical controls matched by NCI–
ODWG criteria. Differences in plasma protein binding in the
setting of hepatic dysfunction could also impact exposure and
clearance. In the presence of sorafenib, temsirolimus clearance
was more rapid and exposure decreased, and there was a
nonsignificant trend toward a mild increase in sirolimus AUC.
The mechanism of increased clearance of temsirolimus is
unknown; sorafenib has not been shown to induce CYP3A
[42]. It is noteworthy that the tolerable doses for the
combination of temsirolimus and sorafenib in this study are
lower than each single-agent MTD as well as the combination
MTD identified in melanoma patients without hepatic
dysfunction, which was temsirolimus 25 mg IV weekly plus
sorafenib 400 mg in the mornings, 200 mg in the evenings
[39].
The PK observations from this study are limited by small

sample size and require confirmation in a larger, independent
cohort. Nonetheless, they provide a basis for the lower
combination MTD identified and suggest that NCI-ODWG
criteria, defined by AST and bilirubin levels and applied to all-
cause hepatic dysfunction, may not accurately recapitulate the
cumulative impact of cirrhosis on hepatic metabolism across

drugs and metabolic pathways. This hypothesis supports that
disease-specific phase I or Ib studies should be undertaken in
HCC, in addition to all-cause organ dysfunction populations,
before embarking upon efficacy or combination studies which
may be confounded by dose delays, reductions, and toxicity.
A subset of patients in this study demonstrated promising

responses, including durable PR in 2 patients treated at MTD
and overall tumor regression by RECIST 1.1 in 12 of 25
response-assessable patients (48%). Among 15 assessable
subjects with baseline elevations in AFP, a decline of at least
50% was observed in 60%, a signal associated with treatment
response and survival [35, 43, 44].
Despite encouraging tumor regression and AFP response

rates in this first-line combination study, however, the median
PFS was only 5.65 months in PFS-assessable patients treated at
the RP2D, similar to outcomes from single-agent sorafenib in
the SHARP population though superior to outcomes in an
Asia-Pacific study of sorafenib [1, 45]. The high degrees of
prognostic and biologic heterogeneity in HCC limit the
conclusions which can be drawn from cross-study
comparisons. Further confounding interpretation of time-to-
event end points in HCC, background liver fibrosis and residua
of prior liver-directed therapies can obscure measurement of
radiographic response and progression. Novel imaging
techniques such as liver tumor volumetry and modified
RECIST criteria are promising approaches to improve
discernment of therapeutic efficacy, but require validation to
determine their surrogacy for overall survival.
Our phase 1 trial is timely in heralding an expanding body

of data surrounding the role of mTOR inhibition across stages
in HCC [11–13]. The randomized, phase III EVOLVE
(NCT01035229) and SILVER (NCT00355862) trials will report
on the efficacy of mTOR inhibition in advanced and post-
transplant HCC populations, respectively, and novel dual
TORC1/2 inhibitors are in development. These emerging data
mandate parallel efforts to identify biomarkers of response to
mTOR inhibition as well as to sorafenib.
Fundamental questions beyond the scope of this phase 1

trial include whether there is a benefit from the combination of
mTOR inhibition with sorafenib over single agent or sequential
administration, whether dual TORC1/2 inhibitors will prove
more effective than rapamycin analogs, and how to identify
which HCC tumors will respond. A phase II trial of
temsirolimus plus sorafenib at the RP2D is now underway to
characterize the tolerability and efficacy of this regimen in an
expanded cohort with correlative biomarker analyses.
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Prevalence and risk factors of extrapancreatic
malignancies in a large cohort of patients with
intraductal papillary mucinous neoplasm (IPMN)
of the pancreas
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Background: The objectives of this study are to estimate prevalence and incidence of extrapancreatic malignancies
(EPMs) among intraductal papillary mucinous neoplasms (IPMNs) of the pancreas, and to identify risk factors for their
occurrence.
Patients and methods: We conducted multicentric cohort study in Italy from January 2010 to January 2011
including 390 IPMN cases. EPMs were grouped as previous, synchronous (both prevalent) and metachronous
(incident). We calculated the observed/expected (O/E) ratio of prevalent EPMs, and compared the distribution of
demographic, medical history and lifestyle habits.
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