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To the Editor
Breast cancer is one the most common cause of cancer 

death in women worldwide. Patients with metastatic hor-
mone receptor positive breast cancer can be eligible for 
several lines of hormonal therapy, targeted therapy, and 
chemotherapy. However, whatever the treatment used, 
secondary resistance is the rule with subsequent disease 
progression. Additional therapeutic options are therefore 
needed to improve overall survival.

Oncolytic viruses (OV) represent a new therapeutic 
approach for the management of cancer with specific 
features compared with conventional anti-cancer agents. 
JX-594 (pexastimogene devacirepvec; PEXA-VEC) is a 
thymidine kinase gene-inactivated oncolytic vaccinia 
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Abstract
Breast cancer is one the most common cause of cancer death in women worldwide. We report here the first phase 
II study investigating a virus genetically engineered for tumor-selective replication in patients with breast cancer. 
Ten patients were treated with a combination of low-dose oral cyclophosphamide and intra-venous JX-594, a 
thymidine kinase gene-inactivated oncolytic vaccinia virus engineered for the expression of transgenes encoding 
human granulocyte-macrophage colony-stimulating factor (GM-CSF) and β-galactosidase. Best response as per 
RECIST criteria was stable disease for 2 patients and progressive disease for 8 patients. Median progression-free 
and overall survival were 1.6 months (95% CI: [1.1–1.9]) and 14.4 months (95% CI: [2.0 – NA]) respectively. High 
throughput analysis of sequential plasma samples revealed an upregulation of protein biomarkers reflecting 
immune induction such as IFN gamma. Whether the combination of JX-594 with an immune checkpoint inhibitor 
is associated with meaningful clinical activity is therefore worth to investigate.
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virus engineered for the expression of transgenes encod-
ing human granulocyte-macrophage colony-stimulating 
factor (GM-CSF) and β-galactosidase [1]. In phase 1/2 
trials of intratumoral injection into liver cancers [2, 3], 
JX-594 had an excellent safety profile and was associated 
with tumor shrinkage and a dose-related clinical benefit.

However, for patients with refractory, widespread met-
astatic tumors, intravenous administration of a high dose 
of JX-594 may be required to achieve systemic oncolytic 
tumor responses. Such an approach has been evalu-
ated in a phase 1 trial which included 23 patients with 
advanced solid tumors and who received a single intra-
venous infusion of JX-594 [4]. The results showed a dose-
related antitumor activity was observed and the lack of 
toxicity on normal tissues.

We report here the safety and efficacy of efficacy of 
JX-594 combined with metronomic chemotherapy in 
patients with hormone receptor positive (HR+) breast 
cancer.

This was a single-arm, phase 2 clinical trial based on an 
optimal Simon’s two-stage design [5]. Patients received 
50  mg of cyclophosphamide (CP) orally b.i.d. one week 
on and one week off and JX-594 at the dose 1.109 plaque 
forming units (pfu) every 2 weeks for the first 3 injections 
and then every 3 weeks until disease progression and/or 
unacceptable toxicity. Details regarding eligibility crite-
ria, design and statistical analysis are provided as supple-
mentary data (online).

Between May 11th, 2017 and April 4th, 2018, 10 
patients with advanced breast hormone receptor posi-
tive HER2 negative breast cancer were enrolled at Institut 

Bergonié (Bordeaux, France). Baseline patient character-
istics are listed in Table  1. After a median follow-up of 
10.9 months (95% CI 1.6–25.6), all the patients discon-
tinued treatment. Discontinuation was related to disease 
progression in all the cases. Best response as per RECIST 
criteria was stable disease for 2 patients and progressive 
disease for 8 patients (Supplementary Fig.  1). Median 
progression-free and overall survival were 1.6 months 
(95% CI: [1.1–1.9]) and 14.4 months (95% CI: [2.0 – NA]) 
respectively (Supplementary Fig. 2).

All 10 patients were included in the safety analysis. At 
the time of analysis, 25 cycles of JX-594 and metronomic 
CP had been administered, with a median of two cycles 
per patient (range 1–6). The most observed toxicity was 
fever which occurred for all (100%) patients (supplemen-
tary Table  1). Grade 3 toxicities were observed in four 
patients and included one case of grade 3 fever and one 
case of grade 3 lymphopenia (supplementary Table 1). No 
grade 4 toxicity was observed.

To evaluate the immune response to oncolytic viro-
therapy, we performed a proteomic analysis of plasma 
samples as previously described [6]. Although only few 
changes in plasma proteome were observed between 
C1D8 and baseline (first administration of low dose 
cyclophosphamide), comparison of plasma samples 
between C1D22 and C1D8 (first injection of JX-594) 
revealed a significant upregulation of several proteins 
which reflect immune induction such as CD8A, CD6 (a 
lymphocyte surface co-receptor physically associated 
with the T-cell receptor), CCL19 ( a critical regulator of 
the induction of T cell activation),IFN gamma as well as 
Tnfrsf9 (4-1BB) (Fig. 1).

The oncolytic viruses currently developed for the 
treatment of patients with advanced cancer can be clas-
sified into three categories (i) wildtype mutant viruses, 
(ii) viruses genetically modified to replicate selectively 
in tumor cells and (iii) viruses genetically engineered to 
boost the immune system.

Most of the data related to the safety and efficacy of 
oncolytic viruses in patients with advanced metastatic 
breast cancer come from early phase study including 
patients with advanced tumors of which only a few 
were breast cancers [7]. As observed, in our study, 
the results of these studies show that treatment with 
oncolytic viruses were well tolerated with few adverse 
events mostly limited to flu-like symptoms such as 
fever. The safety profile observed in our study was 
similar to that observed in previous study investigat-
ing systemic administration of JX-594 in patients with 
other solid tumor types such as colorectal cancer [4, 
8].

Only one Phase II trial designed to assess the efficacy 
of an oncolytic virus in patients with breast cancer was 
reported. This study evaluated the safety and efficacy 

Table 1 Patient characteristics (n = 10)
Gender, n (%)
Male 0 (0)

Female 10 (100)

Age
Median, years (range) 61 (34–70)

ECOG PS, n (%)
0 6 (60)

1 4 (40)

Histological subtype, n (%)
Ductal carcinoma 8 (80)

Lobular carcinoma 2 (20)

Liver metastases
Yes 6 (60)

No 4 (40)

Stage, n (%)
Locally advanced 1 (10)

Metastatic 9 (90)

Prior line(s) of chemotherapy, n (%)
1 1 (10)

2 1 (10)

> 2 8 (80)
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of the reovirus pelareorep administered intravenously 
in combination with paclitaxel [9]. This study did not 
reach its first endpoint of progression-free survival.

We report here the first phase II study investigating 
a virus genetically engineered for tumor-selective rep-
lication in patients with breast cancer. Although, we 
observed low clinical activity, the results of our study 
pave the way for innovative approach to be evaluated in 
hormone receptors breast cancers.

Immune checkpoint blockade has been shown to 
have modest activity in this group of tumors which 
are poorly infiltrated by immune cells and have low 
expression of PD-L1 on their surface [10]. By activat-
ing an immune response to the tumor cells due to viral 
infection, OVs have the potential to turn the “cold” 
tumor microenvironment to “hot” and to sensitize 
tumors to immune checkpoint inhibitors as recently 
demonstrated in a pre-clinical model of triple negative 
breast cancer (11–12). Interestingly, by using plasma 
proteomics, we have found that JX-594 induced a 

strong anti-viral immune response accompanied by the 
production of cytokines such as type-1 interferons and 
chemokines playing a key role in lymphocytic activa-
tion (Fig. 1). Interestingly, it has been shown that tar-
geting Tfrsf9 – induced upon JX-594 – in combination 
with an oncolytic virus is able to induce an anti-tumor 
immune response that translated into tumor growth 
delay in a murine preclinical model [13]. Whether the 
combination of JX-594 with an immune checkpoint 
inhibitor is associated with meaningful clinical activity 
is therefore worth to investigate. A clinical trial evalu-
ating the combination of JX-594 in combination with 
Avelumab in patients with advanced breast cancer is 
ongoing (NCT02630368).

List of abbreviations
CP  cyclophosphamide
HR  hormone receptor
IFN  interferon
OV  oncolytic viruses

Fig. 1 Plasma protein biomarkers upregulated after administration of low-dose cyclophosphamide (x axis) or JX-594 (y axis)
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Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s40164-022-00338-2.

Supplementary Material 1: Supplementary Methods and Results

Acknowledgements
.

Authors’ contributions
AI drafted the manuscript. CB performed the statistical analysis. SC, MT, MK, 
JPG, AB, CC, AI provided comments on previous versions of the manuscript. 
SC, MT, MK, JPG, AB, CC, AI read and approved the final manuscript.

Funding
French NCI (INCA).
Association pour la recherche contre le Cancer.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
AI has received research grants from Astra Zeneca, Bayer, BMS, Merck, MSD, 
Pharmamar, Roche. Advisory board: Astra Zeneca, Bayer, Novartis Roche, 
Springworks.
AB and JPG are Explicyte employee.

Received: 26 August 2022 / Accepted: 3 September 2022

References
1. Kim JH, Oh JY, Park BH, Lee DE, Kim JS, Park HE, Roh MS, Je JE, Yoon JH, Thorne 

SH, Kirn D, Hwang TH. Systemic armed oncolytic and immunologic therapy 
for cancer with JX-594, a targeted poxvirus expressing GM-CSF. Mol Ther. 
2006 Sep;14(3):361–70.

2. Park BH, Hwang T, Liu TC, Sze DY, Kim JS, Kwon HC, Oh SY, Han SY, Yoon 
JH, Hong SH, Moon A, Speth K, Park C, Ahn YJ, Daneshmand M, Rhee BG, 
Pinedo HM, Bell JC, Kirn DH. Use of a targeted oncolytic poxvirus, JX-594, 
in patients with refractory primary or metastatic liver cancer: a phase I 
trial. Lancet Oncol. 2008 Jun;9(6):533–42. doi: https://doi.org/10.1016/
S1470-2045(08)70107-4.

3. Heo J, Reid T, Ruo L, Breitbach CJ, Rose S, Bloomston M, Cho M, Lim HY, 
Chung HC, Kim CW, Burke J, Lencioni R, Hickman T, Moon A, Lee YS, Kim 
MK, Daneshmand M, Dubois K, Longpre L, Ngo M, Rooney C, Bell JC, Rhee 
BG, Patt R, Hwang TH, Kirn DH. Randomized dose-finding clinical trial of 
oncolytic immunotherapeutic vaccinia JX-594 in liver cancer. Nat Med. 2013 
Mar;19(3):329–36.

4. Breitbach CJ, Burke J, Jonker D, Stephenson J, Haas AR, Chow LQ, Nieva 
J, Hwang TH, Moon A, Patt R, Pelusio A, Le Boeuf F, Burns J, Evgin L, De 
Silva N, Cvancic S, Robertson T, Je JE, Lee YS, Parato K, Diallo JS, Fenster A, 
Daneshmand M, Bell JC, Kirn DH. Intravenous delivery of a multi-mech-
anistic cancer-targeted oncolytic poxvirus in humans. Nature. 2011 Aug 
31;477(7362):99–102.

5. Simon R. Optimal two-stage designs for phase II clinical trials. Control Clin Tri-
als. 1989 Mar;10(1):1–10. doi: https://doi.org/10.1016/0197-2456(89)90015-9.

6. Loriot Y, Marabelle A, Guégan JP, Danlos FX, Besse B, Chaput N, Mas-
sard C, Planchard D, Robert C, Even C, Khettab M, Tselikas L, Friboulet 
L, André F, Nafia I, Le Loarer F, Soria JC, Bessede A, Italiano A. Plasma 
proteomics identifies leukemia inhibitory factor (LIF) as a novel predictive 
biomarker of immune-checkpoint blockade resistance. Ann Oncol. 2021 
Nov;32(11):1381–90.

7. Carter ME, Koch A, Lauer UM, Hartkopf AD. Clinical Trials of Oncolytic Viruses 
in Breast Cancer. Front Oncol. 2021 Dec;23:11:803050.

8. Park SH, Breitbach CJ, Lee J, Park JO, Lim HY, Kang WK, Moon A, Mun JH, 
Sommermann EM, Maruri Avidal L, Patt R, Pelusio A, Burke J, Hwang TH, 
Kirn D, Park YS. Phase 1b Trial of Biweekly Intravenous Pexa-Vec (JX-594), an 
Oncolytic and Immunotherapeutic Vaccinia Virus in Colorectal Cancer. Mol 
Ther. 2015 Sep;23(9):1532–40.

9. Bernstein V, Ellard SL, Dent SF, Tu D, Mates M, Dhesy-Thind SK, Panasci L, 
Gelmon KA, Salim M, Song X, Clemons M, Ksienski D, Verma S, Simmons C, Lui 
H, Chi K, Feilotter H, Hagerman LJ, Seymour L. A randomized phase II study 
of weekly paclitaxel with or without pelareorep in patients with metastatic 
breast cancer: final analysis of Canadian Cancer Trials Group IND.213. Breast 
Cancer Res Treat. 2018 Jan;167(2):485–493.

10. Goldberg J, Pastorello RG, Vallius T, Davis J, Cui YX, Agudo J, Waks AG, Keenan 
T, McAllister SS, Tolaney SM, Mittendorf EA, Guerriero JL. The Immunol-
ogy of Hormone Receptor Positive Breast Cancer. Front Immunol. 2021 
May;11:12:674192.

11. Zhang B, Wang X, Cheng P. Remodeling of Tumor Immune Microenviron-
ment by Oncolytic Viruses. Front Oncol. 2021 Feb;19:10:561372.

12. Niavarani SR, Lawson C, Boudaud M, Simard C, Tai LH. Oncolytic vesicular 
stomatitis virus-based cellular vaccine improves triple-negative breast cancer 
outcome by enhancing natural killer and CD8+ T-cell functionality. J Immuno-
ther Cancer. 2020 Mar;8(1):e000465.

13. John LB, Howland LJ, Flynn JK, West AC, Devaud C, Duong CP, Stewart 
TJ, Westwood JA, Guo ZS, Bartlett DL, Smyth MJ, Kershaw MH, Darcy PK. 
Oncolytic virus and anti-4-1BB combination therapy elicits strong antitumor 
immunity against established cancer. Cancer Res. 2012 Apr 1;72(7):1651-60.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

http://dx.doi.org/10.1186/s40164-022-00338-2
http://dx.doi.org/10.1186/s40164-022-00338-2
http://dx.doi.org/10.1016/S1470-2045(08)70107-4
http://dx.doi.org/10.1016/S1470-2045(08)70107-4
http://dx.doi.org/10.1016/0197-2456(89)90015-9

	Phase 2 trial of intravenous oncolytic virus JX-594 combined with low-dose cyclophosphamide in patients with advanced breast cancer
	Abstract
	References


