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Abstract
Pathogen-associated molecular patterns (PAMP) are stand-alone innate and adaptive immunomodulators
and critical vaccine components. We present a strategy of sequential intratumoral (i.t.) and intramuscular
(i.m.) injections of the stabilized dsRNA viral mimic and PAMP, polyinosinic–polycytidylic acid-polylysinecarboxymethylcellulose (poly-ICLC, Hiltonol; Oncovir). We report the ﬁrst treated patient, a young man with
an exceptionally advanced facial embryonal rhabdomyosarcoma with extension to the brain. After treatment,
the patient showed tumor inﬂammation consistent with immunotherapy, followed by gradual, marked tumor
regression, with extended survival. Sequential i.t. and i.m. poly-ICLC injections mimicking a viral infection
can induce an effective, in situ, personalized systemic therapeutic "autovaccination" against tumor antigens
of a patient. We postulate a three-step immunomodulatory process: (i) innate-immune local tumor killing
induced by i.t. poly-ICLC; (ii) activation of dendritic cells with Th1 cell– and CTL–weighted priming against
the released tumor antigens; and (iii) i.m. poly-ICLC maintenance of the systemic antitumor immune
response via chemokine induction, facilitation of CTL killing through the induction of costimulators such as
OX40, inﬂammasome activation, and increase in the T-effector/Treg ratio. These results support the use of
certain simple and inexpensive i.t. PAMPs to favorably stimulate effective immunity against solid cancers. A
phase II clinical trial testing the hypothesis presented has begun accrual (clinicaltrials.gov, NCT01984892).
Cancer Immunol Res; 2(8); 720–4. Ó2014 AACR.

Introduction
Pathogen-associated molecular patterns (PAMP) are standalone innate and adaptive immunomodulators or "danger
signals," and essential vaccine components. Polyinosinic–polycytidylic acid-polylysine-carboxymethylcellulose (poly-ICLC,
Hiltonol; Oncovir) is a stabilized double-stranded RNA
(dsRNA), which is a viral mimic, a ligand to Toll-like receptor
3 (TLR3), and a PAMP. We present a strategy of sequential
intratumoral (i.t.) and intramuscular (i.m.) injections of Hiltonol that can induce a personalized therapeutic "autovaccination" against a patient's individual tumor antigens, as processed in situ. We report the ﬁrst case so treated, a patient with
very advanced embryonal rhabdomyosarcoma, who is in hospice. The especially encouraging results support the use of
certain IT PAMPs to favorably stimulate effective immunity
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against some advanced cancers. A solid-cancer clinical trial
testing this hypothesis has been initiated.

Materials and Methods
In the advanced, compassionate-use case presented, Hiltonol (1 mg) was given i.t. twice weekly for 4 weeks followed by a
2-week rest period. In the subsequent two cycles, some injections had to be skipped or were given i.m.
In the ongoing clinical trial, 1 mg of Hiltonol is given i.t. three
times a week for 2 weeks, followed by i.m. Hiltonol boosters
twice weekly for 6 weeks. A second cycle is followed by a 6-week
no-treatment period with evaluation of response at week 26.

Case Report and Results
The patient was an 18-year-old man with an exceptionally
large malignant embryonal rhabdomyosarcoma, who failed
eight different regimens of chemotherapy, including pazopanib and imetelstat, as well as radiotherapy and proton-beam
therapy, and was on hospice. In the months before his volunteering for i.t. Hiltonol treatment approved under compassionate-use exemption, his tumor grew exponentially from his
left cheek to ﬁll and grow out of his mouth, expand to his left
sinuses, nasal cavity, nasopharynx, left orbit, temporalis muscle, and into the brain. It involved most of his temporal lobe
with extension to the frontal lobe, obliteration of the left lateral
ventricle, and a marked mass effect with compromise of the left
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cerebral peduncle (Figs. 1 and 2). He required a tracheostomy
and gastric tube feeding. The mouth and cheek tumor became
necrotic by week 2 of the ﬁrst treatment cycle (Fig. 2B). Left
internal maxillary artery embolization was performed to control bleeding on week 3. The brain tumor also appeared on MRI
to be necrotic, and at week 4 he was started on bevacizumab
every 3 weeks to help control brain swelling. Formal immunomonitoring was not possible, but the patient developed
marked local tumor inﬂammation after the ﬁrst i.t. injection
of his second cycle in week 7, prompting a brief course of
dexamethasone. Local facial tumor inﬂammation was also
observed after each subsequent injection of i.m. Hiltonol in
the thigh, suggesting the induction of a systemic immune
response (Fig. 2C). By week 7, the tumor in his mouth appeared
largely gone; he was able to eat soup and solid foods, and begin
returning to normal activities (Fig. 2C). The third cycle was
interrupted after 2 weeks by recurrent infections associated
with the large amounts of tumor necrosis, but the patient
recovered and graduated from high school at week 21. Pazopanib had been restarted at week 17, and bevacizumab was
discontinued after week 18. He received two additional i.t.
injections and three i.m. injections of Hiltonol between weeks
21 and 25 with continued decrease in facial tumor. By week 25,
the facial, oral, and retro-orbital tumor appeared largely gone
or inactive on positron emission tomography (PET), with
mainly healing normal structures upon gross inspection (Figs.

A

Figure 1. A–C, axial Flair MRI at
weeks 2, 9, and 24 showing
massive intracranial tumor with
vasogenic edema compressing the
left cerebral peduncle, decreasing
by week 9. C, at week 24, signal
void corresponding to gas after
necrosis and new mass effect on
the suprasellar cistern. D–F, axial
contrast MRI at weeks 2, 9, and 24
showing massive enhancing tumor
in the left masticator space, with
necrosis and decreased
enhancement by week 9. F, at week
24, extensive necrosis with marked
decrease in the size of tumor,
signal void with cutaneous ﬁstula,
and reduced patchy enhancement.
(The patient had not undergone
surgery.)

Flair MRI, day 14

D

Contrast MRI, day 14
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1F and 3). The large cerebral mass also appeared necrotic on
MRI and was negative on PET (Figs. 1C and 3). However, there
was still signiﬁcant mass effect and, unfortunately, decompression craniotomy was postponed. The patient died suddenly with cardiorespiratory arrest at week 27, while being
discharged from a brief hospitalization for the treatment of an
infection. Cerebral herniation or pulmonary embolus was
suspected, but autopsy was declined.

Discussion and Hypothesis
Immunotherapy is emerging as a major breakthrough in
cancer management, concomitant with an increased understanding of basic immunology, tumor evasions and checkpoints, and recognition of the importance of the "danger signal"
provided by PAMPs (1). Most cancer vaccines use one or more
exogenous tumor-associated antigens, but the "host-targeted"
strategy described here attempts to immunize against the
patient's own tumor antigens in situ, and is not only theoretically applicable to various histologic tumor types but may also
generate a more effective "natural" response to those antigens.
Although the present case was complicated by the exceptional
size of the tumor, intercurrent infections, and other treatments, it nevertheless provides encouraging evidence of the
potential for relatively simple, safe, and inexpensive immunotherapies. However, the patient's eventual death due to
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Figure 2. A–D, patient 6 weeks pretreatment and at posttreatment weeks 2, 7, and 21.

suspected cerebral herniation and despite apparent necrosis of
the exceptionally large cerebral lesion is a cautionary note
about management of such cases.
Poly-ICLC (Hiltonol) is a "reliable and authentic" viral mimic
and PAMP that at low doses in humans upregulates several
hundred genes closely paralleling the pattern induced by a
yellow fever live-virus vaccine, and representing some 10
canonical innate immune pathways (2–4). This includes the
induction of a "natural mix" of IFNs, other cytokines and
chemokines, activation of natural killer (NK) cells, T cells,
myeloid dendritic cells (mDC) via melanoma differentiationassociated protein 5 (MDA5), TLR3, retinoic acid-inducible
gene 1 (RIG-I) helicase, 20 50 oligoadenylate synthetase (OAS),
the P68 protein kinase (PKR), and other dsRNA-dependent
host defense systems, culminating in a broad innate antitumor
and antiviral effect as well as a potent adjuvant effect, with
inﬂammasome and other signaling (5). Poly-ICLC, thus, provides the dsRNA "danger signal" normally furnished by viral
replication but that has been missing from many modern
vaccines for cancer, HIV, malaria, and other diseases. In other
words, when properly paired with antigens, poly-ICLC can
generate a "live-virus vaccine-equivalent" with a comprehen-

Figure 3. PET at week 24 showing decreased uptake in both facial and
intracranial tumor. Marginal uptake could represent active tumor or
inﬂammation.
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sive immune response that includes activation of mDCs and
NK cells, processing of relevant antigens, generation of a
polyfunctional Th1- and CTL-weighted response, homing to
tumor or pathogen via induction of speciﬁc chemokines, and
facilitation of CTL function through induction of costimulators
such as OX40 (6–8). Importantly, the role of dsRNAs, such as
poly-ICLC, may be bimodal, beginning with induction of IFNs
and of dsRNA-dependent systems, and followed by their secondary activation by the dsRNA. Thus, two or more doses of
poly-ICLC at a 24- to 48-hour interval or pretreatment with
IFNs can markedly boost antiviral and antitumor activity,
perhaps by better mimicking a natural infection (9, 10). This
dosing regimen has also been used successfully in clinical
glioma and in preclinical antiviral studies, as well as in the
strategy presented here (5, 11–13).
Variations on the "autovaccination" strategy have included
the combination of radiotherapy or chemotherapy to induce
antigen release, with immunostimulants or oncolytic virus to
induce an immune response (14–18). This approach is based
on the hypothesis that i.t. administration of a PAMP will
reverse DC inhibition in the treated tumor microenvironment,
increase the efﬁciency of antigen presentation to CTLs, and
prevent tolerization to tumor antigens. Such tolerization can
be a counterproductive consequence of traditional chemotherapy or radiotherapy that induces release of tumor-associated antigens in the absence of a proper "danger signal" (14).
We postulate that the strategy presented here involves a
three-step process. First, i.t. Hiltonol activates NK cells, various
cytokines, TLR3, and other proapoptotic mechanisms, resulting in early tumor killing and antigen release (19–21). This may
be the mechanism that led to the early local necrosis in the case
reported here. This necrosis was observed before embolization
or treatment with bevacizumab, although the latter may have
contributed to the subsequent immune response. Second, in
the same local context, Hiltonol recruits and activates mDCs
and macrophages at the tumor site, in which they acquire
tumor antigens that are released, present them to CD4þ helper
cells, and cross-present them to CD8þ T cells in the tumor or in
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the regional lymph nodes to generate antigen-speciﬁc CTLs.
The repeated administration of the PAMP danger signal IT in
the context of the patient's own tumor antigens and in a way
that mimics a natural viral infection has also been used
successfully with i.t. CpG and may be critical to this step
(15, 17, 22). Timed release or structured formulations of
poly-ICLC could even better mimic a viral infection, especially
for deep tumors in which repeated i.t. administration is
logistically more challenging. At the same time, the possibility
of overstimulation with PAMP must be considered, and the
optimal dose and schedule remain uncertain.
The third step is remote targeting and maintenance of
antigen-speciﬁc CTLs via various poly-ICLC–induced chemokines, costimulatory factors, and other mechanisms (8). This
activity directed at the local tumor microenvironment was
perhaps illustrated by the local tumor inﬂammation in
response to each remote i.m. injection of poly-ICLC in the
reported case. Such inﬂammation with a gradual tumor
response is typical of some immunotherapies (23). Murine
sarcoma and lymphoma studies have demonstrated similar
activity of IT poly-ICLC or the TLR9 agonist CpG, respectively,
including at remote metastases, and especially when combined
with anti–CTLA-4 and agonist anti-OX40, which boost T-cell
responses (15, 17, 24). Other studies have demonstrated that
poly-IC alone is sufﬁcient to induce expression of the costimulatory molecules B7-H2, CD40, and OX40 (25). OX40 in
particular may downregulate CTLA-4, decrease tumor-speciﬁc
regulatory T cells (Treg), increase the T-effector/Treg ratio,
and enhance CTL action in the tumor and metastases, and
particularly with i.t. injection of a single target lesion
(22, 26, 27). The dsRNA-dependent PKR induced by poly-ICLC
will also activate the inﬂammasome pathway (2, 28). We, thus,
expect that continued administration of poly-ICLC i.m. after
optimal priming will facilitate and maintain sensitized CTL
killing in the tumor microenvironment of both the injected and
remote metastatic lesions. Clinical support for the concept of
post-prime maintenance with i.m. poly-ICLC or i.t. CpG alone
also comes from recent successful glioma, lymphoma, and
hepatoma trials (13, 17; A. de la Torre; unpublished data).
Exogenous bevacizumab, OX40, anti–CTLA-4, anti–PD-L1,
FLT3L, and other costimulatory factors could further synergize
with poly-ICLC and enhance this effect. Finally, poly-ICLC
boosting can also enhance memory cell longevity (29).
A multicenter adaptive design two-stage phase II clinical
study has begun in patients with the following advanced,
unresectable metastatic solid tumors: sarcomas, melanoma,
squamous cell skin cancer, and head and neck cancers (clinicaltrials.gov, NCT01984892). In each treatment cycle, one
accessible tumor site is targeted for i.t. injections of 1 mg of
Hiltonol three times a week for 2 weeks, followed by i.m.

Hiltonol boosters twice weekly for 6 weeks. A second cycle is
followed by a 6-week no-treatment period with evaluation of
response at week 26, in the relative absence of inﬂammation.
The primary endpoint is disease control at 26 weeks, as deﬁned
by the Immune-Related Response Criteria (23). Secondary
objectives are overall survival and immunologic response in
blood and tissue biopsies, including immunoscore.
In summary, we present results from a complicated case
suggesting that sequential i.t. plus i.m. Hiltonol (poly-ICLC) can
have a dramatic antitumor effect. We hypothesize that this in
situ autovaccination strategy comprises three immunomodulatory steps. The ﬁrst step is the innate immune local tumor
killing induced by i.t. Hiltonol. A close second step is Th1- and
CTL-weighted priming through the repeated in situ combination of the Hiltonol danger signal with the tumor antigens
released in the ﬁrst step and further processed and crosspresented by Hiltonol-activated mDCs. The third step is maintenance of the systemic antitumor immune response and
migration of antitumor CTLs to remote metastases, through
repeated i.t. Hiltonol induction of chemokines, OX40, and other
costimulatory factors, as well as inﬂammasome activation.
Exogenous costimulators or checkpoint blockers may enhance
this action. An ongoing clinical trial in patients with solid
cancers will further clarify these ﬁndings.
Disclosure of Potential Conﬂicts of Interest
A. Mark has ownership interest (including patents) and is a consultant/
advisory board member of Oncovir, Inc. No potential conﬂicts of interest were
disclosed by the other authors.

Authors' Contributions
Conception and design: A.M. Salazar, R.B. Erlich, R.B. Herberman
Development of methodology: A.M. Salazar, R.B. Erlich
Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): A.M. Salazar, A. Mark, N. Bhardwaj, R.B. Herberman
Writing, review, and/or revision of the manuscript: A.M. Salazar, R.B. Erlich,
N. Bhardwaj, R.B. Herberman
Administrative, technical, or material support (i.e., reporting or organizing data, constructing databases): A.M. Salazar
Study supervision: A.M. Salazar

Acknowledgments
The authors thank the patient and his family, whose courage, motivation,
and keen, meticulous observations played a critical role in his treatment and
in reﬁnement of the strategy presented here. Oncovir, Inc., provided Hiltonol
(poly-ICLC).

Grant Support
This work was supported in part by a grant from the Cancer Research
Institute, New York, NY.

Received February 17, 2014; revised April 22, 2014; accepted April 22, 2014;
published OnlineFirst May 6, 2014.

References
1.
2.

Couzin-Frankel J. Cancer immunotherapy. Science 2013;342:1432–3.
Caskey M, Lefebvre F, Filali-Mouhim A, Cameron M, Goulet J, Haddad
E, et al. Synthetic double-stranded RNA reliably induces innate immunity similar to a live viral vaccine in humans. J Exp Med 2011;208:
2357–66.

www.aacrjournals.org

3.

4.

Geiss G, Jin G, Guo J, Bumgarner R, Katze M, Sen G. A comprehensive
view of regulation of gene expression by double-stranded RNA-mediated cell signaling. J Biol Chem 2001;276:30178–82.
Huang C, Duffy K, Sanmateo L, Amegadzie B, Sarisky R, Mbow M. A
pathway analysis of poly(I:C)-induced global gene expression change

Cancer Immunol Res; 2(8) August 2014

723

Downloaded from cancerimmunolres.aacrjournals.org on December 5, 2020. © 2014 American Association for Cancer Research.

Published OnlineFirst May 6, 2014; DOI: 10.1158/2326-6066.CIR-14-0024

Salazar et al.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

724

in human peripheral blood mononuclear cells. Physiol Genomics
2006;26:125–33.
Salazar A, Levy H, Ondra S, Kende M, Scherokman B, Brown D, et al.
Long-term IM Poly-ICLC treatment of malignant glioma: an open pilot
study. Neurosurgery 1996;38:1096–104.
Longhi M, Trumpfheller C, Idoyaga J, Caskey M, Matos I, Kluger C,
et al. Dendritic cells require a systemic type I interferon response to
mature and induce CD4þ Th1 immunity with poly IC as adjuvant. J Exp
Med 2009;206:1589–602.
Flynn B, Kastenmuler K, Wille-Reece U, Perdiguero B, Gomez C,
Wagner R, et al. Immunization with HIV Gag targeted to dendritic
cells followed by recombinant NYVAC induces robust T cell immunity in nonhuman primates. Proc Natl Acad Sci U S A 2011;108:
7119–24.
Zhu X, Fallert-Junecko B, Fujita M, Ueda R, Kohanbash G, Kastenhuber E, et al. Poly-ICLC promotes the inﬁltration of effector T cells into
intracranial gliomas via induction of CXCL-10 in IFN-a and IFN-g–
dependent manners. Cancer Immunol Immunother 2010;59:1401–9.
Marcus P, Sekellick M. Combined sequential treatment with interferon
and dsRNA abrogates virus resistance to interferon action. J Interferon
Cytokine Res 2001;21:423–9.
Wick D, Webb J. A novel, broad spectrum therapeutic HPV vaccine
targeting the E7 proteins of HPV16,18, 31,45, and 52 that elicits potent
E7-speciﬁc CD8T cell immunity and regression of large, established,
E7-expressing TC-1 tumors. Vaccine 2011;28:7857–66.
Rosenfeld M, Chamberlin M, Grossman S, Peereboom D, Lesser G,
Batchelor T, et al. A multi-institution phase II study of poly- ICLC and
radiotherapy with concurrent and adjuvant temozolomide in adults
with newly diagnosed glioblastoma. Neuro Oncol 2010;12:1071–7.
Wong J, Christopher M, Viswanathan S, Dai X, Salazar A, Sun L, et al.
Antiviral role of toll-like receptor 3 agonists against seasonal and avian
inﬂuenza viruses. Cur Pharm Design 2009;15:1269–74.
Okada H, Kalinski P, Ueda R, Hoji A, Kohanbash G, Donegan T, et al.
Induction of CD8 T-cell responses against novel glioma–associated
antigen peptides and clinical activity by vaccinations with a-type 1
polarized dendritic cells and polyinosinic-polycytidylic acid stabilized
by lysine and carboxymethylcellulose in patients with recurrent malignant glioma. J Clin Oncol 2011;29:330–6.
van der Most R, Currie A, Robinson B, Lake R. Cranking the immunologic engine with chemotherapy: using context to drive tumor
antigen cross-presentation towards antitumor immunity. Cancer Res
2006;66:600–4.
Houot R, Levy R. T-cell modulation combined with intratumoral CpG
cures lymphoma in a mouse model without the need for chemotherapy. Blood 2009;113:3546–52.
Nierkens S, den Brock M, Sutmuller R, Grauer O, Bennink E, Morgan M,
et al. In vivo colocalization of antigen and CpG within dendritic cells is

Cancer Immunol Res; 2(8) August 2014

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

associated with efﬁcacy of cancer immunotherapy. Cancer Res 2008;
68:5390–6.
Brody J, Ai W, Czerwinski D, Torchia J, Levy M, Advani R, et al. In situ
vaccination with a TLR9 agonist induces systemic lymphoma regression: a phase I/II study. J Clin Oncol 2010;28:4324–32.
Kaufman H, Kim D, DeRaffele G, Mitcham J, Cofﬁn R, Kim-Schulze S.
Local and distant immunity Induced by intralesional vaccination with
an oncolytic herpes virus encoding GM-CSF in patients with stace 3c
and 4 melanoma. Ann Surg Oncol 2010;17:718–30.
North R, Dunn P, Havell E. A role for tumor necrosis factor in poly(I:C)induced hemorrhagic necrosis and T-cell–dependent regression of
murine sarcoma. J Interferon Res 1991;11:333–40.
Sivori S, Falco M, Della Chiesa M, Carlomagno S, Vitale M, Moretta L,
et al. CpG and double-stranded RNA trigger human NK cells by Tolllike receptors: induction of cytokine release and cytotoxicity against
tumors and dendritic cells. Proc Natl Acad Sci U S A 2004;101:
10116–21.
Chew V, Tow C, Huang C, Bard-Chapeau E, Copeland N, Jenkins N,
et al. Toll-like receptor 3 expressing tumor parenchyma and inﬁltrating
natural killer cells in hepatocellular carcinoma patients. J Nat Cancer
Inst 2012;104:1796–807.
Marabelle A, Kohrt H, Sagiv-Barﬁ I, Ajami B, Axtell R, Zhou G, et al.
Depleting tumor-speciﬁc Tregs at a single site eradicates disseminated tumors. J Clin Invest 2013;123:2447–63.
Wolchok J, Hoos A, O'Day S, Weber J, Hamid O, Lebbe C, et al.
Guidelines for the evaluation of immune therapy activity in solid tumors:
immune-related response criteria. Clin Cancer Res 2009;15:7412–20.
Davies M, Field A. Effect of Poly I:C/poly-l-lysine (poly ICL) on the
development of murine osteogenic sarcoma. J Interferon Res
1983;3:89–95.
Kajiwara K, Morishima H, Akiyama K, Yanagihara Y. Expression and
function of the inducible costimulatory ligand B7-H2 in human airway
smooth muscle cells. Allergol Int 2009;58:573–83.
Kjaergaard J, Tanaka J, Kim J, Rothchild K, Weinberg A, Shu S.
Therapeutic efﬁcacy of OX-40 receptor antibody depends on tumor
immunogenicity and anatomic site of tumor growth. Cancer Res
2000;60:5514–21.
Perret R, Sierra S, Botelho N, Corgnac S, Donda A, Romero P.
Adjuvants that improve the ratio of antigen speciﬁc effector to regulatory T cells enhance tumor immunity. Cancer Res 2013;73:6597–608.
Lu B, Nakamura T, Inouye K, Li J, Y T, Lundback P, et al. Novel role
of PKR in inﬂammasome activation and HMGB1 release. Nature
2012;488:670–4.
Wang Y, Cella M, Gilﬁlan S, Colonna M. Cutting edge: polyinosinic:
polycytidylic acid boosts the generation of memory CD8 T cells
through melanoma differentiation-associated protein 5 expressed in
stromal cells. J Immunol 2010;184:2751–5.

Cancer Immunology Research

Downloaded from cancerimmunolres.aacrjournals.org on December 5, 2020. © 2014 American Association for Cancer Research.

Published OnlineFirst May 6, 2014; DOI: 10.1158/2326-6066.CIR-14-0024

Therapeutic In Situ Autovaccination against Solid Cancers with
Intratumoral Poly-ICLC: Case Report, Hypothesis, and Clinical Trial
Andres M. Salazar, Rodrigo B. Erlich, Alexander Mark, et al.
Cancer Immunol Res 2014;2:720-724. Published OnlineFirst May 6, 2014.

Updated version

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
doi:10.1158/2326-6066.CIR-14-0024

This article cites 29 articles, 14 of which you can access for free at:
http://cancerimmunolres.aacrjournals.org/content/2/8/720.full#ref-list-1
This article has been cited by 11 HighWire-hosted articles. Access the articles at:
http://cancerimmunolres.aacrjournals.org/content/2/8/720.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department
at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cancerimmunolres.aacrjournals.org/content/2/8/720.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerimmunolres.aacrjournals.org on December 5, 2020. © 2014 American Association for Cancer Research.

