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Abstract 

Background This window of opportunity trial evaluated the safety of intratumoral Copaxone® and profiled immune 
markers in biopsies before and after treatment.

Methods Patients with percutaneously accessible malignancies scheduled for surgical resection with curative intent 
were eligible to participate. Adverse events from one, two, or three injections of Copaxone® were monitored leading 
up to surgical resection. Using RNA sequencing and spatial protein profiling of immune-related targets, changes in 
mRNA and protein expression patterns, respectively were assessed in tumor biopsy samples pre- and post-treatment.

Results Adverse events at the injection site were mild and consistent with historic subcutaneous administration 
of Copaxone®. Increased intratumoral immune activity was evident in most patients, including the upregulation of 
genes associated with immune stimulation and targets of checkpoint inhibitor therapy.

Conclusions Intratumoral injection of Copaxone® was well tolerated, and immune profile changes in the tumor 
microenvironment warrant its further evaluation as human intratumoral immunotherapy.
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Introduction
Immunotherapies have advanced modern oncology 
practices. Checkpoint inhibitors (CPIs), for exam-
ple, have improved patient response rates and survival 
across multiple cancers [1, 2]. Most solid tumors, how-
ever, remain difficult to treat. Positive outcomes are 
mainly linked to ‘hot’ tumors—those exhibiting at least 
some immunological activity such as certain tumor-
infiltrating lymphocytes [3]. To improve immune 
responsiveness, human intratumoral immunotherapy 
(HIT-IT) has been explored both as monotherapy and 
in combination with CPIs across many clinical trials 
[3]. Many drugs evaluated in early HIT-IT studies were 
already approved for other indications before extrapo-
lation to exploratory trials investigating utility in can-
cer. Our group discovered that the active ingredient 
in Copaxone® possesses key molecular attributes for 
retention in tumors and that this function may induce 
a local inflammatory microenvironment [4–6]. These 
studies motivated a “window of opportunity” clinical 
trial exploring Copaxone® as HIT-IT for the first time.

Copaxone® was approved for subcutaneous injec-
tion to treat relapsing forms of multiple sclerosis (MS). 
Notably, injection site reactions are reported in 60–80% 
of patients (Fig. 1A) [7, 8]. These injection site hallmarks 
of inflammation, combined with undetectable systemic 
exposure, prompted our laboratory to investigate the 
in situ behavior of the active ingredient, glatiramer ace-
tate (GA). Our previous studies found that the mixture of 
highly cationic peptides in GA precipitated as spherical 
particles at the injection site and bound to the extracel-
lular matrix (Fig.  1B)4. We demonstrated that GA was 
retained in AT84 head and neck tumor tissue for over 
48 h after intratumoral injection (Fig. 1C) [5].

Our preliminary characterization of the Copaxone® 
injection site mechanism provided a unique opportunity 
to quickly advance this drug into a HIT-IT ‘window of 
opportunity’ clinical trial [4–6]. As safety is of paramount 
concern in developing new immunotherapies, we endeav-
ored to evaluate Copaxone®, an approved drug with a 
long-established track record in this regard, in an onco-
logical indication. Patients with percutaneously acces-
sible malignancies who were candidates for standard of 
care surgical resection with curative intent were eligible 
to participate. We compared biopsies of tumor tissues 
to resected samples that had been treated with 1, 2, or 3 
Copaxone® injections. In addition to evaluating safety, 
we probed paired samples using traditional histological 
staining, RNAseq, and digital spatial cancer immune pro-
teomics analysis (i.e., Nanostring GeoMx® Digital Spatial 
Profiler) to determine changes in the tumor microenvi-
ronment after treatment.

Materials and methods
Clinical protocol
Study design and patients
This study was an open label single arm window of 
opportunity trial in patients with resectable solid malig-
nancies whose planned primary treatment was surgical 
resection conducted at the University of Kansas Com-
prehensive Cancer Center (KUCCC). The patients had 
to be at least 18  years old with previously untreated 
histologically confirmed malignant tumor that was per-
cutaneously accessible for intratumoral injection. The 
injectable tumor requirement was a size of at least 5 mm 

Fig. 1 A Exemplary injection site reaction after subcutaneous 
Copaxone® injection. B GA precipitates as spherical particles at the 
injection site. C GA labeled with an infrared dye was injected into 
HNSCC orthotopic tumors in mice and tracked for 48 h. GA persisted 
in tumors > 2 days while injections of vehicles (4% mannitol) were null
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in diameter using standard measuring tape. Pretreat-
ment archival tumor tissue consisting of formalin-fixed, 
paraffin-embedded (FFPE) tumor tissue obtained from 
standard of care diagnostic biopsy were required to be 
available to be eligible for the trial. Patients whose lesions 
were near vascular structures (i.e., carotid artery or 
tumors close to other vital organs such as the trachea), 
with mucosal lesions only, with known hypersensitivity 
to Copaxone® or with a known condition that leads to 
immunosuppression such as AIDS or concurrent use of 
immunosuppressive therapy were considered ineligible. 
Approval for the study was granted through the Insti-
tutional Review Board at University of Kansas Cancer 
Center and all patients provided written informed con-
sent before study entry. This trial was performed accord-
ing to the Declaration of Helsinki principles. The Kansas 
University Cancer Center (KUCC) Data and Safety Mon-
itoring Committee (DSMC) performed the oversight of 
the monitoring of participant safety, conduct and scien-
tific progress of research protocols, and the validity and 
integrity of the data for clinical trials.

Study Treatment
Treatment was administered on an outpatient basis 
prior to surgery. The pre- to post-treatment window was 
determined by surgical scheduling and varied between 
4–10  days. Glatiramer acetate (Copaxone®) at 40  mg 
(40  mg/ml) was administered by intratumoral injec-
tion, for at least one dose and up to a maximum of three 
doses prior to surgery. The 40  mg/mL dose strength 
of Copaxone® was selected for this study because its 
approved  3-times-per-week dosing frequency is most 
conducive for the outpatient setting, and likewise resem-
bles that of similar intratumoral trials [9, 10]. 40 mg/mL 
Copaxone® is also reported to be more tolerable than 
its more frequently dosed, 20  mg/mL counterpart [11]. 
Doses were administered at least 48  h apart and the 
last dose was given within 96 h of surgery. This window 
of 96  h was chosen because we hypothesized that any 
immune changes due to Copaxone may remain apparent 
within 96 hours [8]. No dose adjustments, modifications 
or delays due to Copaxone® related toxicity were allowed.

Injection Technique
After selection of percutaneously accessible tumors, 
the assigned dose of glatiramer acetate (Copaxone®) 
was administered using a 28-gauge or smaller needle. 
Efforts were made to administer the full dose into the 
lesion unless it was deemed not practicable by the treat-
ing investigator. Glatiramer acetate (Copaxone®) was 
thoroughly distributed within the injected tumor using a 
“fanning method” (to distribute the injection across sev-
eral angles throughout the lesion to maximize the spread 

of glatiramer acetate in the tumor). The use of local anes-
thetic prior to Copaxone injection was allowed.

Safety Assessments
Adverse events were assessed at baseline, during Copax-
one® administration, and at the time of surgery or end of 
treatment visit. The revised NCI Common Terminology 
Criteria for Adverse Events (CTCAE) version 5.0 was uti-
lized for AE reporting and toxicity assessment. Complete 
blood count, chemistry and INR were done at baseline.

Ki‑67 and Caspase‑3 levels
Changes in the expression levels of Ki-67 and caspase-3 
before and after treatment with Copaxone® were evalu-
ated by IHC. FFPE tumor sections from pre- and post-
treatment specimens were mounted on the same slide 
and stained using Caspase 3 (Biocare, Pacheco, CA) and 
Ki-67 (MIB-1) (Dako, Carpinteria, CA).

RNA‑Seq Analysis
A cutoff linear fold-change of 4 was used to select the 
differentially expressed genes in each patient. Gene 
ontology (GO) of the biological process, functional 
annotation clustering, and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway analysis of the differen-
tially expressed genes were performed using Database 
for Annotation, Visualization and Integrated Discovery 
(DAVID) v2021 [12, 13]. For groups that had more than 
3000 differentially expressed genes (i.e. upregulated gene 
expression for patients 1 and 3), functional annotation 
clustering was performed using the top 3000 most differ-
ently expressed genes.

GeoMx® Digital Spatial Profiling Analysis
The GeoMx® Digital Spatial Profiling (DSP) platform 
(NanoString) allows users to perform nondestructive 
interrogation of unstained tissue sections (among other 
tissue types) for multiplexed spatial profiling of immuno-
oncology-related proteins to assess tumor cells and their 
microenvironment. The GeoMx® DSP platform uses 
a cocktail of antibodies conjugated to photocleavable 
DNA-barcoded oligos to provide high multiplex capac-
ity, and the use of guided ultraviolet light exposure (by 
way of adjustable 1 million micromirrors) provides a high 
degree of flexibility in the selection of regions of inter-
est for study. DSP technology and the GeoMx® platform 
have been extensively reviewed [14–17].

DSP of pre- and post-treatment FFPE tumor tis-
sue was performed to measure the relative levels of 28 
protein markers associated with immuno-oncology. 
Specifically, the immune cell profiling core protein mod-
ule and IO drug target protein module (Supplemen-
tary Table  1) were used for this analysis following the 
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manufacturer’s protocol for staining, hybridization, col-
lection, detection (nCounter based-counting), and data 
normalization. Briefly, this entailed an initial review 
of hematoxylin and eosin (H&E)-stained sections by 
a pathologist at KUMC to verify the presence of tumor 
cells within the FFPE block (Supplementary Fig. 2). Next, 
a 5  µm-thick unstained FFPE slide was subjected to a 
cocktail of primary antibodies conjugated with unique 
DNA-oligonucleotide moieties attached with a light-
sensitive photocleavable linker. Within this cocktail were 
also anti-pan-cytokeratin (included with GeoMx® assay 
and used for the basal cell carcinoma and squamous cell 
carcinoma samples) or anti-MART-1 (Novus Biologicals, 
catalog # NBP2-46603AF647 used for targeting epithe-
lium in melanoma samples), CD45 (for targeting immune 
cells), and Syto-13 (used as a nuclear stain). These fluo-
rescently labeled antibodies were used for imaging and 
identifying the regions of interest (ROIs), followed by 
segmentation into tumor cells and immune cells for inde-
pendent collection from each ROI into individual wells 
of a 96-well plate, followed by digital quantification using 
the NanoString nCounter platform. The GeoMx® DSP 
Analysis Suite version 2.4 was used to perform data QC, 
normalization, and statistical analysis following guidance 
by NanoString field scientists. For analysis of similar cell 
populations (i.e., expression levels only in epithelial cells 
or only in immune cells), the geometric mean of house-
keeping proteins GAPDH, Histone H3, and S6 was used 
for normalization. When different cell populations were 
being analyzed (i.e., expression levels in epithelial versus 
immune cells), the geometric mean of the signal-to-noise 
ratio of a negative control mouse and rabbit isotype IgG 
controls was used for background correction prior.

Results and discussion
Although cancer immunotherapies have grown in prom-
ise for treating aggressive cancers, activating the immune 
system against primary solid tumors and perhaps even 
against secondary metastases (i.e., the ‘Abscopal Effect’) 
will likely require a multipronged approach [9]. Immune 
checkpoint inhibitors inhibit negative feedback mecha-
nisms on immune cells and are expected to work syn-
ergistically with immunostimulants that promote 
proinflammatory stimulation inside tumor tissues [3]. In 
this regard, the intratumoral injection of immunostimu-
lants that persist at the injection site can be advantageous 
when compared with systemically distributed formula-
tions since side effects and drug-drug interactions may 
be limited [9, 10]. Multiple clinical trials are currently 
underway to assess such combination approaches to 
cancer immunotherapy [9, 10], and the recent acquisi-
tions of Checkmate Pharmaceuticals (Regeneron) and 
Immune Design (Merck) highlight commercial interest. 

Understanding that GA has negligible systemic expo-
sure in humans and having confirmed that GA persists 
in mouse tumors after intratumoral injection (Fig.  1C), 
this clinical study aimed to establish key clinical data for 
Copaxone® as a HIT-IT.

We conducted a single-arm, open-label, periopera-
tive window of opportunity trial to evaluate the feasibil-
ity, safety, and local effects of intratumoral/peritumoral 
injections of Copaxone®. Patients whose tumors were 
accessible for intratumoral, percutaneous injection 
and were planned for surgery as the primary treatment 
were eligible and consented. Patients were ineligible for 
the study if they were scheduled to receive other treat-
ments between the initial biopsy and surgery. During the 
treatment period, eligible subjects received Copaxone® 
(40 mg dose) intratumorally up to three times a week and 
at least 48 h apart until 24 h before the planned surgery 
(Table  1). This dosing regimen was consistent with the 
label for subcutaneous injections of Copaxone® at the 
40 mg/mL dose strength.

The primary endpoint assessed was adverse events 
associated with intratumoral/peritumoral injections of 
Copaxone®. Injection site reactions were observed in 
and around tumor tissues, like those observed follow-
ing subcutaneous injections of Copaxone® reported in 
MS patients [4]. Of the nine patients enrolled, only three 
treatment-related adverse events were reported. All were 
Grade 1 (mild) reactions, occurring at the injection site 
and included itching, pressure, burning sensation, and 
pain (Table 2). Ki67 expression deceased in each patient 
where residual tumor was sufficient to conduct the analy-
sis (Table 2). Caspase 3 was consistently at or below 5% 
with no discernable treatement-related changes.

We assessed immune biomarkers in tumor biopsies 
and compared them with resected tumors after one, two, 
or three treatments. Conventional RNA sequencing and 
spatial protein profiling of 28 mostly immune-related tar-
gets (i.e., Nanostring GeoMx® DSP) were used to assess 
immune markers at the transcriptional and protein lev-
els. In the RNA sequencing analysis, genes that were dif-
ferentially expressed less than four fold (|FC|< 4) between 
the pre- and post-treatment samples for three patients 
were filtered out. For patient 1, 6355 genes were upregu-
lated, and 406 genes were downregulated post-treatment. 
For patient 2, 647 genes were upregulated, and 75 genes 
were downregulated post-treatment. For patient 3, 5375 
genes were upregulated, and 128 genes were downregu-
lated post-treatment. A complete list of differential gene 
expression analysis results is included in Supplementary 
Data File 1.

Gene Ontology (GO) enrichment analysis was per-
formed to categorize differential gene expressions into 
specific biological processes, followed by Functional 
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Annotation Clustering to group-related GO terms 
(Supplementary Data File 2). All three patients had 
an upregulation in genes involved in promoting an 
immune-rich tumor microenvironment, such as NK cell 
activation, positive regulation of STAT protein, T-cell 
activation, humoral immune response, response to exog-
enous dsRNA, and B-cell proliferation and differentia-
tion (Fig. 2). Individual GO plots were also developed for 
patients 1, 2 and 3 (Supplementary Fig. 1). No categories 

of biological processes were consistently found to be 
downregulated across all the three post-treatment patient 
samples. Though only obtained from three patients, bulk 
RNA sequencing was used to build conviction around 
GeoMx spatial analysis methods.

Using the GeoMx DSP platform, in situ digital spa-
tial profiling was performed in tissue specimens to 
measure levels of 28 proteins before and after treat-
ment (Immune cell profiling panel and the IO drug 

Table 1. Study medication dosing and Copaxone® treatment schedule

Table 2. Side effects for each study patient and Ki67 result

* Patient 7 dropped out of the study
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target panel, Supplementary Table  1). After a patholo-
gist review of H&E-stained FFPE tissue specimens to 
assess the presence of tumor cells, GeoMx® DSP analysis 
was performed on a serial unstained slide for each sam-
ple (Supplementary Figure 2). Regions of interest (ROIs) 
which encompassed both tumor and immune cells, were 
selected either by free-hand drawing using the polygon 
tool or using a standard circle. Supplementary Figure 3A 
and B show the ROIs selected for all samples. The ROIs 
were further segmented into tumor cells and immune 
cells based on the staining pattern of morphology mark-
ers, i.e. pan-cytokeratin and CD45 for the carcinomas 
and MART1 and CD45 for the melanomas, respectively.

Following segmentation, the DNA bar codes corre-
sponding to each target in the antibody cocktail were 
collected by the instrument. The DNA bar codes were 
processed through the nCounter for digital counting and 
finally analyzed through the GeoMx® Analysis suite. Ini-
tial data analysis of immune cells and tumor cells in pre-
treatment tissue showed the expected pattern where most 
of the immune related targets tended to be expressed at 
higher levels in the immune cells relative to the tumor 

cells and the few epithelial targets included in the panels 
tended to be expressed at higher levels in the tumor cells 
relative to the immune cells (e.g., pan-cytokeratin, and 
Ki-67) (Figure  3, Table  3, and Supplementary Tables  2-
5). Interestingly, we observed that patients showing a 
larger decrease in Ki-67 levels (10-25% decrease) follow-
ing treatment (Table 2, patients bCC-001, sCC-003, and 
bCC-004) had increased expression for a greater number 
of immune-related markers in the post-treatment tissue 
(Table 3, Figure 3B and C) as compared to those patients 
that showed a smaller decrease in Ki-67 levels (5-6% 
decrease) following treatment (Table  2 patients bCC-
002 and Mel-006). These differences were also reflected 
in the bulk RNA Sequencing results, where the more 
pronounced Ki-67 responders (bCC-001, bCC-004) also 
exhibited greater changes in gene ontology pre- to post-
treatment (Supplementary Figure 1). Many of the upreg-
ulated markers among immune and epithelial cells alike 
were checkpoint-associated targets, such as PD1, PD-L1, 
CTLA-4, LAG3, OX40L, B7-H3, and Tim-3 (Table 3, Fig-
ure 3B, C, and Supplementary Tables 3 and 4).

Fig. 2 Gene ontology plot generated using RNA sequencing data that was statistically significant for each of patients 1, 2, and 3. Gene families are 
given for each data point. Color intensity denotes the number and magnitude of expression in each category. The size of the circle indicates the 
relative breadth of genes expressed in each category (smaller circles = fewer genes expressed in that category). Data points more closely grouped 
indicate the categories are more closely related
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Intratumoral administration of immunostimulants such 
as pattern recognition receptor (PRR) agonists, cytokines, 
and oncolytics has been widely investigated to overcome 
“cold” tumor microenvironments [18–21]. Several clin-
ical-stage programs include TLR9-agonist idutolimod 
(CMP-001), TLR4-agonist tilsotolimod (IMO-2125), IL12 

inducer tavokinogene telseplasmid (TAVO), and onco-
lytic peptide KKWWKKW-Dip-K-NH2 (LTX-315). Lev-
eraging GA as HIT-IT may be advantageous; however, in 
that its approved regulatory status and the intratumoral 
safety profile demonstrated here mean GA may be expe-
ditiously repurposed.

Fig. 3 Volcano plots showing differential protein expression. Expression was considered statistically significant if changes were ≥  ± two fold 
(≥ ± one fold in Log2 scale, red dashed vertical lines) with a p value ≤ 0.05 (≥ 1.3 in-Log10 scale, green dashed horizontal line). A paired t-test was 
used for these analyses. A Comparison of baseline (pre-treatment) expression between epithelial and immune cells. B Comparison of expression 
in epithelial cell before and after treatment. C Comparison of expression in immune cells before and after treatment. An excel file is provided for 
all volcano plots in supplementary Tables 2–4. D Representative images used for pre-treatment GeoMx analysis. E Representative images used 
for pre-treatment GeoMx analyses (all images are available in Supplementary Fig. 3A and B). The time elapsed between pre and post treatment 
analyses was dictated by surgical reaction scheduling and varied between 4–10 days
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Many intratumoral programs are designed for use in 
combination with other immunotherapies such as CPIs. 
Our group is exploring whether cationic properties of 
GA may work synergistically with CPIs [6]. We have 
also reported that GA can deliver other HIT-ITs such 
as CpG and PolyI:C [5]. These complexes persist at the 
intratumoral site of injection and may represent another 
compelling HIT-IT approach [5]. The clinical utility of 
HIT-IT is most likely in metastatic of disease where the 
prospects of antigenic diversity for immune activation 
and tumor accessibility for injection may be increased 
[22]. Future studies characterizing the efficacy and 
safety of localized intratumoral immunostimulation are 
warranted, including the quantitative analysis of intra-
tumoral T-cell recruitment. Evidenced by contemporary 
clinical investigations and a growing consensus, mean-
ingful translational immunotherapies for solid tumors 
will likely consist of combination approaches that can 
synergize to recruit, potentiate, and propagate potent 
anti-tumor immune responses [3, 23].

Conclusion
Intratumoral injections of Copaxone® were well tol-
erated, with side effects at the injection site mirror-
ing reported subcutaneous injection site reactions in 
multiple sclerosis patients. Even though a small num-
ber of cancer patients were treated with intratumoral 
injections of Copaxone® in this window of opportunity 

trial, a reduction of proliferative index was evident 
in all analyzed samples. Immune markers, includ-
ing hallmarks of T-cell recruitment and activation, 
were upregulated in post-treatment tumor samples. 
Our findings reveal that the local immunomodula-
tory effects of GA in the intratumoral injection site in 
patients are safe and may suggest utility as HIT-IT.
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