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ORIGINAL RESEARCH
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Background: Talimogene laherparepvec (T-VEC), a first-in-class oncolytic viral immunotherapy, enhances tumor-specific
immune activation. T-VEC combined with atezolizumab, which blocks inhibitor T-cell checkpoints, could provide greater
benefit than either agent alone. Safety/efficacy of the combination was explored in patients with triple negative breast
cancer (TNBC) or colorectal cancer (CRC) with liver metastases.
Methods: In this phase Ib, multicenter, open-label, parallel cohort study of adults with TNBC or CRC with liver
metastases, T-VEC (106 then 108 PFU/ml; �4 ml) was administered into hepatic lesions via image-guided injection
every 21 (�3) days. Atezolizumab 1200 mg was given on day 1 and every 21 (�3) days thereafter. Treatment
continued until patients experienced dose-limiting toxicity (DLT), had complete response, progressive disease,
needed alternative anticancer treatment, or withdrew due to an adverse event (AE). The primary endpoint was DLT
incidence, and secondary endpoints included efficacy and AEs.
Results: Between 19 March 2018 and 6 November 2020, 11 patients with TNBC were enrolled (safety analysis set:
n ¼ 10); between 19 March 2018 and 16 October 2019, 25 patients with CRC were enrolled (safety analysis set:
n ¼ 24). For the 5 patients in the TNBC DLT analysis set, no patient had DLT; for the 18 patients in the CRC DLT
analysis set, 3 (17%) had DLT, all serious AEs. AEs were reported by 9 (90%) TNBC and 23 (96%) CRC patients, the
majority with grade �3 [TNBC, 7 (70%); CRC, 13 (54%)], and 1 was fatal [CRC, 1 (4%)]. Evidence of efficacy was
limited. Overall response rate was 10% (95% confidence interval 0.3-44.5) for TNBC; one (10%) patient had a partial
response. For CRC, no patients had a response; 14 (58%) were unassessable.
Conclusions: The safety profile reflected known risks with T-VEC including risks of intrahepatic injection; no unexpected
safety findings from addition of atezolizumab to T-VEC were observed. Limited evidence of antitumor activity was
observed.
Key words: breast neoplasms, drug therapy combination, gastrointestinal neoplasms, virotherapy, viral immunotherapy
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INTRODUCTION

Talimogene laherparepvec (T-VEC) is a first-in-class oncolytic
viral immunotherapy based on a modified herpes simplex
virus (HSV) type-1, designed to produce granulocyte-
macrophage colony-stimulating factor (GM-CSF) in the
tumor to enhance antigen release, presentation, and anti-
tumor immune responses.1,2 T-VEC likely augments
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dendritic cell-mediated tumor antigen presentation through
local expression of GM-CSF and local antigen release by
tumor cell lysis.1 T-VEC is approved by the US Food and
Drug Administration for the local treatment of unresectable,
cutaneous, subcutaneous, and nodal lesions in patients with
melanoma recurrent after initial surgery.3 T-VEC is also
approved by the European Medicines Agency for the
treatment of adults with unresectable melanoma that is
regionally or distantly metastatic (stage IIIB, IIIC and IVM1a)
with no bone, brain, lung, or other visceral disease.4

Atezolizumab inhibits programmed death-ligand 1 (PD-
L1), blocking the interaction of PD-L1 with the programmed
cell death protein 1 (PD-1) and B7.1 receptors to release the
inhibition of the antitumor response.5 Atezolizumab initially
earned US accelerated approval in combination with nab-
paclitaxel for the first-line therapy of triple negative
breast cancer (TNBC) expressing PD-L1.5,6 The approval was
on the basis of the phase III IMpassion130 trial, which
showed a 2.5-month improvement in the median
progression-free survival (PFS) and a 9.5-month improve-
ment in median overall survival (OS) over nab-paclitaxel
alone in the PD-L1-positive subgroup [median PFS, 7.5
months versus 5.0 months, hazard ratio (HR) 0.62; 95%
confidence interval (CI) 0.49-0.78, median OS: 25.0 months
versus 15.5 months, HR 0.62, 95% CI 0.45-0.86].7 Another
phase III study, IMpassion131, pairing atezolizumab with
paclitaxel instead of nab-paclitaxel, however, failed to show
improvement in PFS, and the accelerated approval with nab-
paclitaxel was subsequently withdrawn.8,9 Single-agent
atezolizumab activity was observed in the first-in-human
phase I study with the PD-L1-positive (�1% tumor-
infiltrating immune cells) subgroup demonstrating an
objective response rate (ORR) of 12% (n ¼ 91, 95% CI 6%-
21%), but not in the PD-L1-negative subgroup demon-
strating an ORR of 0% (n ¼ 21, 95% CI 0%-17%).10

In colorectal cancer (CRC), the use of PD-1 pathway in-
hibitors is limited to the subset with high microsatellite
instability and/or deficient DNA mismatch repair genes.11,12

Several studies have failed to demonstrate improved clinical
outcome with the addition of atezolizumab to other stan-
dards of care in the setting of microsatellite stability (MSS)
disease.13 More recently, polymerase epsilon (POLE) muta-
tions have been identified as predictive of sensitivity to
checkpoint blockade in patients with CRC.14

The combination of an agent that increases tumor-
specific immune activation (T-VEC) with one that blocks
inhibitory T-cell checkpoints (atezolizumab) could poten-
tially produce greater antitumor activity than either agent
alone in both TNBC and CRC. Results from melanoma
combining PD-1 inhibitors and T-VEC have been mixed; a
response rate of 62% was observed in a phase Ib study of
pembrolizumab and T-VEC;15 however, PFS or OS improve-
ment was not observed in the randomized, double-blinded
phase III portion comparing the combination of T-VEC plus
pembrolizumab with placebo and pembrolizumab.16 Given
the high rates of liver metastases in patients with TNBC or
CRC, and the limited efficacy with PD-1 pathway inhibitor
monotherapy,17-19 this study sought to evaluate safety and
2 https://doi.org/10.1016/j.esmoop.2023.100884
explore efficacy of the combination of intrahepatic T-VEC
injection in combination with atezolizumab in patients with
TNBC with liver metastases and patients with CRC with
unresectable liver metastases.
PATIENTS AND METHODS

Study design and treatment

This was a phase Ib, multicenter, open-label, parallel cohort
study (NCT03256344). Cohort 1 included patients with
TNBC with liver metastases, and cohort 2 included patients
with CRC and unresectable liver metastases.

T-VEC was delivered in the hepatic lesions via image-
guided injection. T-VEC was initially administered at a con-
centration of 106 PFU/ml intralesionally followed by
subsequent doses at 108 PFU/ml up to 4.0 ml per treatment
session every 21 (�3) days. The volume of T-VEC delivered
depended on the longest diameter of the tumor and/or the
necrotic core. Atezolizumab was administered at 1200 mg
intravenously on day 1 and every 21 (�3) days thereafter.
For each patient, the dose-limiting toxicities (DLTs) evalua-
tion period was the period between the initial dose of T-VEC
in combination with atezolizumab and 3 weeks after the
first 108 PFU/ml dose of T-VEC and atezolizumab, or the
start of cycle 3, whichever occurred first.

Patients continued treatment unless they experienced a
DLT (during the DLT evaluation period as described), had a
complete response (CR), had a need for an alternative
anticancer therapy due to cancer progression, or had an
adverse event (AE) that necessitated discontinuation of the
investigational treatments. In addition, for T-VEC, patients
discontinued if they had no injectable lesions, if progressive
disease (PD) was confirmed per modified immune-related
response criteria simulating Response Evaluation Criteria
in Solid Tumors (irRC-RECIST), or if they experienced rapid
clinical deterioration. For atezolizumab, patients dis-
continued upon symptomatic disease progression.
Patients

Eligible patients were aged �18 years with diagnosis of
TNBC or CRC with liver metastases and had disease pro-
gression during or after one or more prior standard-of-care
systemic anticancer therapies for metastatic disease or
progressed during or within 6 months of receiving adjuvant
therapy. Prior therapy with T-VEC, other oncolytic virus
therapy, immune checkpoint inhibitor, or other immunos-
timulatory agent was not permitted. Patients had measur-
able liver lesions suitable for injection (i.e. less than
one-third of liver involvement; no macroscopic intravas-
cular invasion into the main portal vein, hepatic vein or
vena cava; and no current or previous liver metastatic-
directed therapy), Eastern Cooperative Oncology Group
(ECOG) performance status of 0 or 1, adequate organ
function with a normal coagulation profile, and life expec-
tancy �5 months. Patients provided written informed
consent; study procedures received institutional approval
Volume 8 - Issue 2 - 2023
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(Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2023.100884).
Endpoints

Incidence of DLTs by cohort was used to assess the primary
endpoint. Assessments for secondary endpoints included
ORR [incidence rate of CR or partial response (PR) based on
modified irRC-RECIST criteria], best overall response (at
least 28 days after first documentation was required for CR
or PR), duration of response (DOR), lesion-level responses in
injected and uninjected tumor lesions, disease control rate
[DCR; proportion of patients with a best overall response in
CR, PR, or stable disease (SD)], durable response rate (DRR;
rate of patients with an objective response with a DOR of at
least 6 months), PFS (time from first dose to first confirmed
disease progression per modified irRC-RECIST criteria, or
death), OS (time from the first dose to death from any
cause), and the incidence of AEs and clinically relevant
laboratory abnormalities by cohort. Exploratory endpoints
included an analysis of PD-L1 expression by staining with
the SP263 antibody in tumor biopsies.
Statistical analysis

The findings reported herein are based on the primary
analysis for TNBC (data cut-off, 6 November 2020) and CRC
(data cut-off, 16 October 2019). These two cohorts were
enrolled and analyzed separately. The DLT analysis set was
defined as all DLT-evaluable patients who received two or
more cycles of treatment and two or more doses of T-VEC
and atezolizumab or who had a DLT during the DLT evalu-
ation period. The safety analysis set was defined as enrolled
patients who received one or more doses of T-VEC or ate-
zolizumab. The incidence of treatment-emergent AEs,
defined as all AEs between the first dose and 30 days after
the last dose, was summarized; AEs were coded per the
Medical Dictionary for Regulatory Activities version 17.0 or
later, and severity was graded per the Common Terminol-
ogy Criteria for Adverse Events, version 4. Clinically signifi-
cant laboratory changes and clinically significant changes in
vital signs were summarized using descriptive statistics. For
the efficacy endpoints, ORR, DRR, and DCR were summa-
rized with associated 95% CIs. CIs were calculated per
Wilson’s score method with continuity correction. The
KaplaneMeier method was used to estimate DOR, PFS, and
OS.

RESULTS

Patient characteristics, disposition, and treatment

Between 19 March 2018 and 6 November 2020, 11 patients
with TNBC were enrolled at nine centers in Australia,
Europe, and the United States (Figure 1A). Enrollment in
this cohort was stopped early due to low accrual. Ten pa-
tients received at least one dose of any investigational
agent and were included in the safety analysis set. Twenty-
five patients with CRC were enrolled between 19 March
2018 and 16 October 2019, at 12 centers in Australia,
Volume 8 - Issue 2 - 2023
Europe, and the United States (Figure 1B). Twenty-four
patients were included in the safety analysis set. Baseline
characteristics for patients in the safety dataset are listed in
Table 1.

Extent of exposure

In patients with TNBC, the median (range) follow-up time
was 3.8 (1.2-28.6) months. Patients with TNBC had a me-
dian (range) of 3.0 (1-6) injections over 6.3 (0.1-15.1) weeks
for T-VEC and 3.0 (1-7) infusions over 6.3 (0.1-18) weeks for
atezolizumab. For T-VEC, the median (range) volume was
4.0 (1.0-4.0) ml at first injection (106 PFU/ml) and 3.1 (0.9-
4.0) ml after the first injection (108 PFU/ml), and the
median (range) cumulative volume administered was 8.2
(4.0-20.0) ml. Six patients (60%) had a dose of T-VEC
changed or withheld during the study, with a median
(range) of 1.0 (1.0-2.0) doses changed or withheld per pa-
tient. Reasons for doses changed or withheld included AE
(three patients) and ‘other’ (three patients).

In patients with CRC, the median (range) follow-up time
was 3.2 (0.7-11.6) months. Patients with CRC received a
median (range) of 2.0 (1-5) injections over 3.3 (0.1-14.3)
weeks for T-VEC and 2 (1-5) infusions over 3.2 (0.1-14.3)
weeks for atezolizumab. The median (range) volume of
T-VEC administered was 2.0 (1.0-4.0) ml at first injection
(106 PFU/ml) and 2.0 (1.0-4.0) ml after the first injection
(108 PFU/ml), and the median (range) cumulative volume
administered was 5.0 (2.0-18.0) ml. Twenty patients (83%)
with CRC had a dose of T-VEC changed or withheld during
the study, with a median (range) of 1.0 (1.0-3.0) dose
changed or withheld per patient. Reasons for doses
changed or withheld included AEs (8 patients), atezolizu-
mab being withheld (3 patients), dose administration error
(1 patient), and ‘other’ (12 patients; primarily due to dis-
ease progression).

Dose-limiting toxicities

Of the 10 TNBC patients, 5 patients were included in the
DLT analysis set; no patient had a DLT during the DLT
evaluation period. Of the 24 CRC patients, 18 patients were
included in the DLT analysis set. Three patients (17%) had a
DLT; all were serious AEs [SAEs; grade 3 electrocardiogram
(ECG) QT prolongation, grade 4 respiratory failure; grade 4
decreased platelet count]. The events of ECG QT prolonga-
tion and decreased platelet count were reported as recov-
ered/resolved. In contrast, the respiratory failure was not
resolved, and the patient died as a result of pleural effusion
and pneumonia, which were confirmed by imaging. The
differential diagnosis included pneumonia with signs of
infection and tumor progression with lung involvement;
fulminant pneumonitis could not be excluded.

Adverse events

Nine patients (90%) with TNBC had at least one treatment-
emergent AE (Table 2). The most frequently reported AEs
(�25% of patients) were pyrexia (70%), chills (40%), fatigue
(40%), arthralgia (30%), diarrhea (30%), headache (30%),
https://doi.org/10.1016/j.esmoop.2023.100884 3
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TNBC study
Eligibility (N = 11)

Patients included in safety analysis set (n = 10)
• Patients who received ≥1 dose of T-VEC [n = 8 

(73%)]
• Patients who received ≥1 dose of atezolizumab

[n = 10 (91%)]

Patients who discontinued from study [n = 8 
(73%)]
• Death [n = 5 (46%)]
• Withdrawal of consent [n = 3 (27%)]

Patients continuing in study at data cut-off
[n = 3 (27%)]

CRC study
Eligibility (N = 25)

Patients included in safety analysis set (n = 24)
• Patients who received ≥1 dose of T-VEC [n = 23 

(92%)]
• Patients who received ≥1 dose of atezolizumab

[n = 24 (96%)]

Patients who discontinued from study [n = 22 
(88%)]
• Death [n = 19 (76%)]
• Withdrawal of consent [n = 3 (12%)]

Patients continuing in study at data cut-off
[n = 3 (12%)]

A

B

Figure 1. CONSORT diagram (A) TNBC and (B) CRC.
CRC, colorectal cancer; T-VEC, talimogene laherparepvec; TNBC, triple negative breast cancer.
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and nausea (30%). Seven patients (70%) had grade �3 AEs,
such as abdominal infection, cytokine release syndrome,
and fatigue (Supplementary Table S2, available at https://
doi.org/10.1016/j.esmoop.2023.100884). The only re-
ported grade 4 event was lymphocyte count decrease, and
no events were fatal. Four patients (40%) in the TNBC
cohort experienced treatment-emergent SAEs; these were
abdominal infection, cytokine release syndrome, hepatic
hematoma, hypersensitivity, and orthostatic hypotension
(Supplementary Table S3, available at https://doi.org/10.
1016/j.esmoop.2023.100884). None of these SAEs were
reported by more than one patient. No AE led to the
discontinuation of T-VEC or atezolizumab. Eight patients
(80%) had AEs considered related to any investigational
product; seven patients (70%) had AEs considered related
to T-VEC, including grade 3 events of fatigue, cytokine
release syndrome, and presyncope. One patient in the TNBC
cohort experienced an SAE of hepatic hematoma (grade 3)
following both liver biopsy and T-VEC injection carried out
4 https://doi.org/10.1016/j.esmoop.2023.100884
on cycle 1, week 1. This was attributed by the investigator
to intrahepatic biopsy/injection and resolved with sup-
portive care, but subsequently the patient developed an
abdominal infection (grade 3) and was discontinued from
the study due to disease progression.

Twenty-three patients (96%) with CRC had at least one
treatment-emergent AE (Table 2); the most frequent AEs
were pyrexia (67%) and vomiting (33%). Thirteen patients
(54%) had grade �3 AEs, such as fatigue, decreased platelet
count, and anemia. Only decreased platelet count occurred
in one or more patients (n ¼ 2). Four events were grade 4
(constipation, hyponatremia, respiratory failure, and
decreased platelet count), and one event was fatal (pul-
monary sepsis). Eleven patients (46%) in the CRC cohort had
treatment-emergent SAEs; the only SAE that was reported
by more than one patient was pyrexia (13%). One patient in
the CRC cohort experienced an SAE of intra-abdominal fluid
collection (grade 3) following liver biopsy and three T-VEC
injections which, per the investigator, was possibly related
Volume 8 - Issue 2 - 2023
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Table 3. Efficacy

TNBC
(n [ 10)

CRC
(n [ 24)

Response assessment per modified
irRC-RECIST, n (%)
CR 0 0
PR 1 (10) 0
SD 1 (10) 1 (4)
PD 3 (30) 4 (17)
Unevaluable 3 (30) 14 (58)
Not done 2 (20) 5 (21)

Objective response rate
(CR/PR), n (%) [95% CI]

1 (10) [0.3-44.5] 0 [0-14.2]

Disease control rate
(CR/PR/SD), n (%) [95% CI]

2 (20) [2.5-55.6] 1 (4) [0.1-21.1]

Durable response rate,
n (%) [95% CI]

0 [0-30.8] 0 [0-14.2]

CR, complete response; CRC, colorectal cancer; irRC-RECIST, immune-related
response criteria simulating Response Evaluation Criteria in Solid Tumors; PD, pro-
gressive disease; PR, partial response; SD, stable disease; TNBC, triple negative
breast cancer.

Table 2. Patient incidence of adverse events

TNBC
(n [ 10)

CRC
(n [ 24)

Any AE, n (%) 9 (90) 23 (96)
Grade �3 AEs 7 (70) 13 (54)
Serious 4 (40) 11 (46)
Fatal 0 1 (4)
Leading to discontinuation of T-VEC 0 2 (8)
Leading to discontinuation of atezolizumab 0 2 (8)
Related to T-VEC 7 (70) 19 (79)
Grade �3 AEs 2 (20) 2 (8)
Serious 1 (10) 4 (17)
Fatal 0 0

Related to any investigational product 8 (80) 20 (83)
Grade �3 AEs 5 (50) 5 (21)
Serious 2 (20) 6 (25)
Fatal 0 1 (4)

AE, adverse event; CRC, colorectal cancer; T-VEC, talimogene laherparepvec; TNBC,
triple negative breast cancer.

Table 1. Baseline demographics and clinical characteristicsa

TNBC
(n [ 10)

CRC
(n [ 24)

Age, median (range), years 53.0 (32-63) 62.5 (40-80)
Sex, n (%)
Men 0 13 (54)
Women 10 (100) 11 (46)

Prior lines of therapy in the
metastatic setting, n (%)
None 1 (10) 1 (4)a

1 5 (50) 3 (13)
2 or more 4 (40) 20 (83)

ECOG performance status, n (%)
0 7 (70) 11 (46)
1 3 (30) 13 (54)

LDH, n (%)
�ULN 5 (50) 4 (17)
>ULN 5 (50) 19 (79)
Unknown 0 1 (4)

HSV serostatus, n (%)
Positive 8 (80) 17 (71)
Negative 2 (20) 5 (21)
Unknown 0 2 (8)

MSI phenotype for CRCb

MSI high (�2 loci positive) d 0
MSI low (1 locus positive) d 1 (4)
MSS (all loci negative) d 14 (58)
Not tested d 8 (33)
Unknown/missing d 1 (4)

CRC, colorectal cancer; ECOG, Eastern Cooperative Oncology Group; HSV, herpes
simplex virus; LDH, lactate dehydrogenase; MSI, microsatellite instability; MSS, mi-
crosatellite stability; TNBC, triple negative breast cancer; ULN, upper limit of normal.
aPatient entered study due to early failure on adjuvant therapy.
bPercentages do not add to 100 due to rounding.

J. R. Hecht et al. ESMO Open
to T-VEC, atezolizumab, and intrahepatic procedure. The
patient underwent interventional radiology-guided drainage
of the fluid. Two patients had AEs that led to the discon-
tinuation of T-VEC and atezolizumab. Twenty patients (83%)
with CRC had AEs considered related to any investigational
product. Nineteen patients (79%) had AEs related to T-VEC;
most frequently pyrexia (n ¼ 14, 58%). Two patients (8%)
had grade �3 events resulting in discontinuation of treat-
ment (grade 3 ECG QT prolongation and grade 3 myocar-
ditis). Five patients (21%) with CRC had AEs that were
related to any investigational product, and six patients
(25%) had SAEs related to any investigational product. One
patient had a fatal AE of pulmonary sepsis, that followed a
previous diagnosis of respiratory failure (unresolved grade 4
event), which was related to any investigational product. No
pathogen was found in the microbiology analysis of tracheal
secretion and blood. Secondary diagnosis included tumor
progression, and the diagnosis of pneumonitis could not be
excluded.

Efficacy

For the TNBC cohort, the ORR per modified irRC-RECIST was
10% (95% CI 0.3%-44.5%); one patient (10%) had a PR
(Table 3). One patient (10%) had SD, and three patients
(30%) had PD. Three patients (30%) were not assessable. In
the remaining two patients (20%), tumor response assess-
ments were not carried out as no scans were undertaken. A
PR was observed for one injected hepatic lesion and one
Volume 8 - Issue 2 - 2023
uninjected non-hepatic lesion; the response duration was
3 months. The DCR was 20% (95% CI 2.5%-55.6%); the
median DOR was not estimable. The patient with a PR was
HSV-1-negative at baseline, and tumor biopsy was PD-L1-
negative at baseline according to the SP-263 assay.

For patients with CRC, the ORR was 0%; 1 patient (4%)
had SD; 4 patients (17%) had PD; 14 patients (58%) were
unassessable (Table 3). No patient had a lesion-level
response in an injected lesion; one patient had a lesion-
level PR in an uninjected lesion. The ORR for patients in
the uninjected lesion analysis set was 5% (95% CI 0.1%-
22.8%). The DCR was 4% (95% CI 0.1%-21.1%).

Progression-free event analysis. In regard to the 10 treated
patients with TNBC, for the 5 patients (50%) who had dis-
ease progression or died during the study, the median PFS
per modified irRC-RECIST was 5.4 months (95% CI 1.0-8.6
months; Figure 2A). In 24 treated patients with CRC, for the
20 patients (83%) who had disease progression or died
https://doi.org/10.1016/j.esmoop.2023.100884 5

https://doi.org/10.1016/j.esmoop.2023.100884
https://doi.org/10.1016/j.esmoop.2023.100884


0

0

20

40

60

80

100

Number of patients at risk:

5 10 15

T-VEC + atezolizumab (n = 10) 
Median (95% CI): 23.4 (4.1-37.3)

20
Study week

A

B

Su
rv

iv
al

 p
ro

ba
bi

lit
y,

 %

25 30 35 40

10 8 3 2 2 1 1 1 0

0

0

20

40

60

80

100

Number of patients at risk:

5 10 15

T-VEC + atezolizumab (n = 24) 
Median (95% CI): 12.9 (9.3-17.3)

20
Study week

Su
rv

iv
al

 p
ro

ba
bi

lit
y,

 %

25 30 35 5540 45 50

24 20 713 5 4 23 2 11 0

0

0

20

40

60

80

100

Number of patients at risk:

15 35

T-VEC + atezolizumab (n = 10) 
Median (95% CI): 83.3 (6.4-NE)

60
Study week

Su
rv

iv
al

 p
ro

ba
bi

lit
y,

 %

75 95 110 125

10 5 3 2 2 2 1 1 0

5 2520 40

2

45 50 65 80 100 115

10 45 2 2 2 1 1

10 30 55 70 85 90 105 120

7 4 2 2 1 1 1 1

0

0

20

40

60

80

100

Number of patients at risk:

5 10 15

T-VEC + atezolizumab (n = 24) 
Median (95% CI): 10.7 (12.0-27.3)

20
Study week

Su
rv

iv
al

 p
ro

ba
bi

lit
y,

 %

25 30 35 5540 45 50

24 22 1119 9 7 35 2 11 0

C

D

Figure 2. KaplaneMeier plot for PFSa in (A) TNBC and (B) CRC, and OSb in (C) TNBC and (D) CRC for all patients who have received ‡1 dose of T-VEC or
atezolizumab.
CI, confidence interval; CRC, colorectal cancer; irRC-RECIST, immune-related response criteria simulating Response Evaluation Criteria in Solid Tumors; NE, non-
estimable; OS, overall survival; PFS, progression-free survival; TNBC, triple negative breast cancer; T-VEC, talimogene laherparepvec.
aPFS per modified irRC-RECIST is the interval from the first dose to the earlier of patient overall response of progressive disease or death from any cause; PFS is censored
at the later of their last assessable tumor assessment or date of first dose.
bOS is the interval from the first dose to death from any cause; OS is censored at the date the patient was last known to be alive.
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during the study, the median PFS was 3 months (95% CI 2.1-
4.0 months; Figure 2B).

Overall survival. In patients with TNBC, the median OS was
19.2 months (95% CI 1.5 to not estimable; Figure 2C). The
KaplaneMeier OS estimate at 12 months was 52% (95% CI
8.4%-84.0%); at 27 months it was 26% (95% CI 1.1%-67.0%).
In patients with CRC, median OS was 3.8 months (95% CI
2.8-6.3 months; Figure 2D). The KaplaneMeier OS estimate
at 3 months was 64% (95% CI 40.6%-80.1%).

DISCUSSION

This open-label study examined the safety and preliminary
efficacy of T-VEC plus atezolizumab in patients with TNBC or
CRC and metastases in the liver, a common site of metas-
tasis in these cancers, and one associated with poor prog-
nosis.20,21 No DLTs were observed in the TNBC cohort, and
three DLTs were observed in the CRC cohort. Grade �3
events occurred in more than half of the patients with TNBC
or CRC. In patients with TNBC, there was one grade 4 event,
and no events resulted in the discontinuation of treatment.
In patients with CRC, there were four grade 4 events, two
grade �3 events resulted in discontinuation of treatment
and resolved, and one event of pulmonary sepsis was fatal.
This study had three related SAEs (intra-abdominal fluid
collection, hepatic hematoma, and abdominal infection),
highlighting the risk of transcutaneous liver procedures and
the route of administration. Although limited antitumor
activity was observed in both cohorts, the PR in a TNBC
patient with a tumor that was PD-L1-negative at baseline
and the uninjected lesion-level PR in the CRC patient (PD-L1
unavailable) are suggestive of possible limited T-VEC
activity.

Other oncolytic viral immunotherapies have been tested
in patients with breast cancer22 and CRC.23 In a phase II
study in patients with metastatic breast cancer, the com-
bination of the oncolytic reovirus pelareorep and paclitaxel
led to improved OS compared with paclitaxel alone; how-
ever, there was no significant difference in PFS between the
treatment groups, and baseline characteristics for the
treatment arms were reported to be imbalanced in favor of
pelareorep.24 Pelareorep may be associated with a late-
onset adaptive immune response based on high levels of
peripheral T-cell clonality, stimulating further research into
the combination of pelareorep with checkpoint blockade
therapy.25

Results from preclinical models and studies using patient-
derived cells suggest that liver metastases siphon activated
CD8þ T cells from systemic circulation and within the liver,
leading to acquired immunotherapy resistance.21 Liver-
directed radiotherapy has been shown to eliminate immu-
nosuppressive hepatic macrophages, increase hepatic T-cell
survival, and reduce hepatic siphoning of T cells through a
mechanism involving reactivation of the tumor immune
microenvironment.21 This study focused on patients with
liver metastases, a group with poor prognosis, and our re-
sults suggest that additional approaches are needed to
overcome immunotherapy resistance. With T-VEC, a
Volume 8 - Issue 2 - 2023
preferred approach could be injecting nodal lesions;
another study, currently in progress, examining the combi-
nation of pembrolizumab and T-VEC, may indicate if greater
clinical activity is dependent on distribution of metastatic/
injectable disease.26 An additional study (NCT02366195)
examining CD8þ cell density and biomarkers in T-VEC-
injected and uninjected metastases is also ongoing and
should provide important data on the tumoral environment
of uninjected metastases and provide information on po-
tential combination therapies.27,28

Limitations of this study include the small number of
patients and the early cessation in the TNBC cohort
enrollment due to slow accrual. One potential factor for the
slowed enrollment in the latter group was the approval of
atezolizumab in combination with paclitaxel protein-bound
for PD-L1-positive disease5 and the study exclusion crite-
rion of prior checkpoint inhibitor therapy. Overall challenges
to enrollment are likely related to the study design and the
complexity in place to ensure patient safety and to balance
the risk of bleeding or decompensation in liver function
with the benefits of the injection. For example, patients
were required to have less than one-third of the liver
involved with metastases and, reflecting the treatment re-
strictions that apply to administration of atezolizumab in
TNBC [i.e. patients could not receive antibody-based ther-
apy or immunotherapy for at least 4 weeks before enroll-
ment, atezolizumab was withheld if baseline aspartate
aminotransferase (AST) and alanine aminotransferase (ALT)
increase to >3 � the upper limit of normal],5 patients had
to have AST and ALT <2.5 � the upper limit of normal for
study enrollment. Injectable lesions were anatomically
defined as �1 cm from the left main, right main, or com-
mon biliary ducts or �1 cm from the hepatic capsule.
Allowing injection of lymph node or subcutaneous lesions
as was done in the melanoma studies in addition to liver
lesions may improve the ability to evaluate the efficacy of
T-VEC and possibly improve the immunologic effects of the
treatment.29
Conclusions

This phase Ib study demonstrated that the safety profile for
intralesional T-VEC and atezolizumab aligns with the ex-
pected safety profile, including the risks of intrahepatic in-
jection, with very limited evidence of antitumor activity in
patients with liver metastases associated with TNBC or CRC.
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