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Abstract

The purpose of this review is to assess the efficacy and adverse events
associated with intratumoral injection in the treatment of solid tumor
malignancies. A literature review was conducted using PubMed, the
Cochrane Database of Systematic Reviews, CINAHL, and Scopus data-
bases from 2009 to 2022. A total of 588 articles were retrieved, with
five selected based on inclusion and exclusion criteria. Inclusion crite-
ria specified English language publications, in human trials, and use of
intratumoral anticancer agents. The findings from this integrative re-
view demonstrate treatment efficacy as measured by Response Evalu-
ation Criteria in Solid Tumors (RECIST) 1.1 criteria with increased stable
disease and partial response in patients as well as a prolonged survival
period. Additionally, findings show that this therapy is associated with
predominantly mild adverse events.

he method of treatment
delivery in cancer pa-
tients is frequently evalu-
ated to determine the
maximum efficacy of selected treat-
ments. In delivering anticancer ther-
apy for solid tumor malignancies,
challenges are often encountered
when evaluating drug penetrance
and systemic adverse effects (Maeda
& Khatami, 2018). The traditional
method of administering cancer

therapy via methods such as intra-
venous infusion allows the drug to
be distributed throughout the body,
which increases the potential of gen-
eralized systemic effects throughout
the tissues and organs.

Intratumoral injections were in-
troduced to overcome limitations in
systemic therapies. One such limi-
tation is the poor blood supply as-
sociated with solid tumor biological
makeup, which is a limiting factor in
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the penetrance of anticancer agents. This treat-
ment modality was observed as early as the 1900s
when Dr. William Coley recorded the use of strep-
tococcal organisms in a cancerous lesion of a liv-
ing patient (Marabelle et al, 2017).

Intratumoral injections for local administra-
tion of drug therapies in solid tumors is one of the
newer cornerstones of drug delivery. Local intra-
tumoral medication delivery has the potential to
elicit prolonged systemic immune responses by
successfully delivering a high concentration of
drug directly into the cancerous lesion (Houessi-
non et al., 2020). Compared with systemic infu-
sions, local injections allow for significantly larger
concentrations of immune-stimulating agents in
the tumor microenvironment. Solid tumors pres-
ent a unique challenge due to the requirement to
maximize penetrance necessitating direct injec-
tion into the tumor lesions. Drug penetrance var-
ies by location in solid tumor malignancies, and
intratumoral injection can improve tissue perme-
ability and boost treatment dose efficacy. Intratu-
moral injection offers the additional advantage of
bioavailability without having to be metabolized
through sites of the body such as the liver, avoid-
ing first-pass effect.

Clinical trials are designed in drug develop-
ment to assess safety, side effects, and how the
novel treatment compares to existing standard-of-
care drugs. Phase I clinical trials are essential to
drug development and in establishing the safety
profile of novel drugs. Phase II clinical trials in-
clude a more significant number of enrollees and
test the efficacy and side effects of the novel drugs
(Le Tourneau et al., 2009).

The purpose of this review is to determine if the
use of intratumoral injection treatment increases
the efficacy and reduces adverse events associated
with the treatment of solid tumor malignancies.

METHODS

With the assistance of a research librarian, a lit-
erature review was conducted using PubMed,
Cochrane, Scopus, and CINHAL databases from
January 2009 to March 2022. The literature search
yielded 588 articles with five meeting inclusion
and exclusion criteria (Figure 1). Inclusion crite-
ria specified were English language publications
dealing with human subjects who received intra-

tumoral injection as a cancer treatment. Articles
that did not specifically identify intratumorally as-
sociated toxicities or efficacy measures that were
not in unison with other studies were excluded.
Search terms were intralesional injections, adverse
events, efficacy, cancer treatments, and toxicities.

RESULTS

All five studies included in this review were clini-
cal trials that explored the efficacy and adverse
events associated with intratumoral injections.
Two were phase I clinical trials (Janku et al.,
2021; Hanna et al., 2012) with sample sizes rang-
ing from 9 to 24 enrolled patients. There were two
phase II clinical trials that included sample sizes
of five and 15 patients, respectively (Hohenforst-
Schmidt et al., 2013; Weide at al., 2017), and one
phase III clinical trial with 90 patients (Table 1;
Lietal, 2016).

Efficacy

For the purposes of this review, efficacy is defined
by the Response Evaluation Criteria in Solid Tu-
mor (RECIST 1.1), which measures disease or tar-
get lesions at baseline then compares response
after the treatment. Within the RECIST 1.1 cri-
teria, data are categorized by complete response
(CR), partial response (PR), stable disease (SD),
and progressive disease (PD). The modified World
Health Organization (mWHO), which assesses
tumor burden in response to treatment, was also
used to define tumor response in the studies.

Four of the five studies used imaging to as-
sess clinical outcomes after therapy (Hanna et al.,
2012; Janku et al., 2021; Li et al., 2016; Weide et al.,
2017). The fifth study, Hohenforst-Schimdt and
colleagues (2013), did not detail measurable radio-
logic disease changes in patients.

In a phase I study of 24 patients with treat-
ment refractory solid tumors who received intra-
tumoral injection of Clostridium novyi-NT, Janku
and colleagues (2021) reported efficacy outcomes
including SD and PD consistent with the RECIST
1.1 criteria. In the 24 patients, 42% (10) showed
radiologic tumor destruction from treatment with
C. Novyi-NT in injected lesions with a decrease
of 2% to -24% compared to baseline. Of the 22
evaluable patients, 86% (19) demonstrated SD and
13% (3) had PD.
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Figure 1. PRISMA flow diagram.

Similarly, Hanna and colleagues (2012) report-
ed on another phase I clinical trial involving two
cohorts of patients with unresectable, locally ad-
vanced, nonmetastatic pancreatic cancer treated
with BC-819 (a DNA plasmid) intratumoral injec-
tion. Cohort 1 comprised three subjects who re-
ceived a 4-mg dose of BC-819. Cohort 2 comprised
six subjects who received an 8-mg dose of BC-
819. Each cohort received twice-weekly dosing of
BC-819 for a total of 2 weeks of imaging-guided
intratumoral injection. Injections in cohort 1 par-
ticipants were performed using CT, whereas in-
tratumoral injections of BC-819 in cohort 2 were
performed using endoscopic ultrasound (EUS).
Using the RECIST 1.1 criteria, cohort 1 had 33%
SD and 67% PD by radiologic evaluation. Cohort
2 demonstrated 67% SD and 33% PD by radiologic
assessment using either CT or PET scan.

In their phase II study, which combined the
immunotherapy drug ipilimumab (Yervoy) with
intratumoral injection of interleukin-2 (IL-2) in 15
melanoma patients with distant metastases, Weide
and colleagues (2017) were the only researchers

to use a combination drug approach. Ipilimumab
was dosed four times at 3-week intervals and IL-2
intratumoral injections were administered twice
weekly for 4 weeks. Of their patients, 73% (11) re-
ceived all four doses of ipilimumab, and one pa-
tient received three of four doses. Two patients re-
ceived two out of four intended doses and one had
a single dose administered. There were eight full
courses of IL-2 doses, and 80% received the full
course of the intended doses. Two of the patients
received seven out of eight doses and one patient
received one dose of IL-2 intratumoral injection.
The authors reported that at 12-week follow-up,
20% (3) of their patients showed SD while 67%
(10) had PD. Of their patients, 13% (2) had to be
evaluated prior to the 12-week period due to early
disease progression requiring transition to a dif-
ferent systemic therapy.

In Li and colleagues’ phase III multicenter
study (2016), 90 patients with non-small cell lung
cancer (NSCLC) received para-toluenesulfon-
amide (PTS) intratumoral injection. Pre- and post-
treatment changes were evaluated using objective
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Table 1. Summary of Literature Review

Study CR PR SD PD
Janku et al., 2021 (0} (0} 86% 13%
Phase | a3
N (evaluable) = 21

Hanna et al., 2012 (0} (0} 33% 67%
Phase |, cohort 1 m @)
N=3

Hanna et al., 2012 (0} (0} 67% 33%
Phase |, cohort 2 4 (@)
N=6

Li et al,, 2016 44%  29%  23% 2%
Phase Il (39 @6 12 @
N (evaluable) = 79

Hohenforst-Schmidt et 17% 67% 17% (0]
al., 2013 m 4) m

Phase I

N=6

Weide et al., 2017 (0] 0 20% 67%
Phase Il (€)) (10)

N (evaluable) =13

Survival Adverse events

22 alive at follow-up of 8
weeks or more

DLTs: 8.3% sepsis, 6.2%
gas gangrene, 4% soft
tissue infection, 13%

tachycardia, 46% fever

100% at 3 months 100% mild
100% at 6 months

0% at 12 months

67% at 6 months 100% mild

33% at 12 months 1grade 3 DLT

64% total adverse events
46% mild
7.9% severe

Median survival:
25th percentile: 180 days
75th percentile: 460 days

Median survival: 4/6 “not severe”
Average in pts with partial

response: 463 days

Average in pts with
progressive disease: 338 days

Median survival = 231 days
(188 days for patients who
died, 940 days for those who
lived)

100% localized symptoms

60% fatigue, 13% colitis,
40% exanthema rash

\DLT = dose-limiting toxicity.

Note. CR = complete response; PR = partial response; SD = stable disease; PD = progressive disease;

%

alleviation rate (OAR) based on the RECIST 1.1
or WHO criteria. The authors reported that at 30
days post treatment, 44% (39) had achieved CR,
29% (26) had achieved PR, 4% (2) had PD, and
23% (12) had SD.

In contrast, Hohenforst-Schmidt and colle-
gues’ phase II clinical trial of five patients with
NSCLC (2013), did not detail measurable radio-
logic disease changes during patients’ treatment
with intratumoral cisplatin therapy. The authors
do mention using CT scans prior to therapy and
post therapy but do not categorize information us-
ing WHO or RECIST 1.1 criteria.

Survival Outcomes

All five studies (Janku et al., 2021; Hanna et al,,
2012; Li et al., 2016; Weide et al., 2017; Hohenforst-
Schmidt et al., 2013) analyzed survival outcomes.
The time from initiation of treatment to progres-
sion-free survival to disease progression or death
was defined as the progression-free survival pe-
riod. Analysis of survival was performed using the
Kaplan-Meier method and log rank test.

In their phase I study of unresectable, locally
advanced nonmetastatic pancreatic cancer, Hanna
and colleagues (2012) reported that patients were
followed every 3 months for up to 1 year post in-
jection for survival and disease status. At the first
3-month follow-up, all patients in their cohort 1
were alive; however, two out of three (67%) had
progressive disease. In their second cohort with
an increased dose, two out of six (33%) had pro-
gressive disease. In the lower dose cohort, 100% of
patients survived beyond 6 months; however, they
had all succumbed at the 12-month mark. In the
higher dose cohort, 67% (4/6) of their patients had
survived at 6 months, and 33% (2/6) survived at 12
months or longer.

In their phase II study involving a combina-
tion drug approach with systemic ipilimumab
and intratumoral IL-2 injections in 15 melanoma
patients, Weide and colleagues (2016) reported
the median survival period was 231 days, with
188 days for patients who died during follow-up
(12 patients) and 940 days for those who were
still alive (three patients). In the whole cohort,
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the overall survival probability was 33.3% after 1
year and 26.7% after 2 years, using the Kaplan-
Meier method.

Similarly, Li and colleagues (2016) performed
an analysis of survival using the Kaplan-Meier
method. They reported that 42% (37/88) of their
patients succumbed with a median survival dura-
tion of 394 days.

In their phase II study involving use of cispla-
tin therapy in NSCLC, Hohenforst-Schmidt and
colleagues (2013) reported average PR+ survival
(a reduction of greater than 50% of initial disease
volume) as 463 days and average PR- survival (a
reduction of 25%-50% of initial disease volume)
as 338 days.

In contrast, Janku and colleagues (2021) did
not report scheduled time intervals of follow-up
similar to the other two studies; instead, they re-
ported on progression and mortality outcomes.
Two of their patients succumbed during their
follow-up period. The first patient died 56 days
following the intratumoral injection as a result of
disease progression. The second patient was re-
ported to have progressed as well and died at 4.5
months after C. novyi-NT injection. They report-
ed progression-free survival periods with a mean
of 78.3 days across their 22 subjects ranging from
a minimum of 26 days to maximum of 240 days in
their patient population.

Adverse Events

All five articles addressed adverse events. Safety
analysis was the primary aim of three out of the
five studies (Hanna et al., 2012; Janku et al., 2021;
Lietal., 2016), which used toxicity outcomes char-
acterized as dose-limiting toxicities (DLTs), local-
ized toxicities, and systemic toxicities. The Com-
mon Terminology Criteria for Adverse Events
(CTCAE), which describes the severity of organ
toxicity for patients receiving cancer therapy, was
also used with categorization as mild, moderate, or
severe. Two of the studies (Hohenforst-Schmidt et
al., 2013; Weide et al. 2017) used non-standardized
criteria for evaluating adverse events.

Li and colleagues (2016) and Hanna and col-
leagues (2012) both reported an aggregate of pa-
tients that suffered adverse events as 64% and
100%, respectively. Specifically, in a phase I clini-
cal trial, Hanna and colleagues (2012) reported

mild adverse events such as grade one anemia
and grade two amylase elevation in cohort two.
Of the patients included in the two cohorts, one
dosed at 4 mg and another dosed at 8 mg, only
one grade 3 or severe lipase elevation was report-
ed as a DLT.

In their phase III multicenter study, Li and
colleagues (2016) reported mild adverse events in
43% of their patients, which included coughing,
bloody sputum, and injection site hemorrhage.
Severe adverse events in 8% of their patients in-
cluded airway stenosis, respiratory failure, major
hemorrhaging, and heart failure.

A safety analysis by Janku and colleagues
(2021) in the C. novyi-NT study revealed three
patients with DLTs, which included grade 4 sep-
sis and grade 4 gas gangrene. It was reported that
all patients recovered from these DLTs. Sepsis
requiring additional supportive treatment in a
male with metastatic osteosarcoma was reported
3 days after receiving intratumoral injection of C.
novyi-NT. The same grade 4 sepsis was reported
in a male patient who received injection into a
thigh mass, which also required additional sup-
portive treatment. Finally, they reported grade 4
gas gangrene in a male patient with myxofibro-
sarcoma of an upper extremity, which was un-
responsive to supportive measures and eventu-
ally resulted in an amputation of the extremity, 11
days after receiving treatment with intratumoral
C. novyi-NT.

In contrast to the aforementioned three
studies, Hohenforst-Schmidt and colleagues
(2013) in a phase II clinical trial of NSCLC re-
ported adverse events not categorized by CT-
CAE or DLTs. Of their six evaluable patients,
four had adverse effects, although none of these
were noted to be severe adverse events. The ad-
verse events were bleeding at injection site after
intratumoral chemotherapy, vomiting and nau-
sea, and leukopenia and fever lasting 3 days post
injection in a patient.

Weide and colleagues (2017) reported that
in all patients, localized injection site symptoms
such as pain, edema, and erythema were observed.
60% of the patients noted fatigue or flu-like symp-
toms within 24 hours of injection. Colitis and ex-
anthema were shown to be directly connected to
therapy in 40% of the patients.
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DISCUSSION
The strategy of localized delivery of therapy in
intratumoral injections presents a novel method
to target the tumor microenvironment more ef-
ficaciously (Goins et al., 2016). The studies in
this review were clinical trials that explored the
efficacy and toxicities associated with intratu-
moral injections.

In measuring efficacy, Li and colleagues’ phase
I1T study (2016) demonstrated stronger outcomes
data as compared with others, with reports of
complete remission. Hohenforst-Schmidt and
colleagues (2013) did report PR, whereas the oth-
ers reported only SD or PD. The larger sample in-
creases the level of statistical significance and can
account for these differences. Additionally, these
clinical trials had a heterogenous representation
of disease sites and patient status, which may ex-
plain the mixed results. In their study, Mufioz and
colleagues (2021) highlighted the importance of
improving efficacy of drug delivery by the use of
CT-guided intratumoral immunotherapy to po-
tentiate lesion targeting accuracy and improve
drug efficacy, thus improving patient outcomes.

Differences in dosing can account for the vari-
ability of findings. Weide and colleagues’ (2017)
was the only study in this review that used a com-
bination of ipilimumab, an immunotherapy drug,
and intratumorally injected IL-2 in advanced mel-
anoma patients, with 80% of the patients receiv-
ing a full dose of IL-2. Higher dosing in cohort two
could be implicated as part of the reason patients
had a higher rate of SD than PD in that cohort. In
contrast, cohort one reported higher rates of PD
vs. SD. Hanna and colleagues (2012) had two dif-
ferent dose levels in their dose-escalation trial,
which could account for the differences in surviv-
al outcomes between the two population groups.

Four out of the five studies reported a pro-
longed survival period (months) post treatment,
demonstrating lengthened survival periods in the
various disease subtypes of patients treated with
various intratumoral agents (Hanna et al., 2012; Li
etal.,, 2016; Hohenforst-Schmidt et al., 2013; Weide
at al.,2017). Hohenforst-Schimdt and colleagues
(2013) reported that according to the Internation-
al Union Against Cancer TNM Prognostic Factors
Project, 7th edition (Mirsadraee et al., 2012), the
expected median survival for patients with East-

ern Cooperative Oncology Group (ECOG) perfor-
mance status O to 1 was 276 days. They were able
to achieve a median survival of 378 days, which
demonstrated a 44% surplus in median survival.
Similarly, Hanna and colleagues (2012) also re-
ported survival outcomes that demonstrated 67%
of their patients were alive at the 6-month follow-
up period. Similar to the other studies, Weide and
colleagues (2017) reported a prolonged survival
period of 231 days. These data demonstrate the
commonality of prolonged survival periods across
the studies.

Dose-limiting toxicities reported by Janku and
colleauges (2021) included grade 4 sepsis in two of
their patients and grade 4 gas gangrene occurring
in one patient. This necessitated the use of addi-
tional treatment with IV antibiotics, hydration,
and vasopressors. One of the patients with grade
4 sepsis succumbed after 56 days while the other
recovered and had SD for a period of 4.5 months,
at which time he died from disease progression.

Only one study (Hanna et al., 2012) reported
DLTs. The other studies primarily reported mild
to moderate adverse events. Most common were
fatigue, colitis, and exanthem rash. Various pa-
tients included in these studies had advanced dis-
ease, which can account for the variety of adverse
events that were reported in some of the studies.

IMPLICATIONS FOR PRACTICE
Intratumoral injections have a clinical benefit in
improving overall survival in patients with solid
tumor malignancies. Furthermore, directly target-
ing the malignant cells through this treatment mo-
dality offers an additional benefit of improved pen-
etrance, which intends to increase the antitumor
activity of whichever treatment agent is utilized.
With this knowledge, advanced practitioners
play a role in the front line in presenting this treat-
ment option to patients they encounter in practice.
However, intratumoral injections still lie heavily
in the clinical trial setting. In addition, advanced
practitioners are often collaborators in clinical tri-
als (Patterson & Barber, 2020). Therefore, seeking
out treatment options with a marked clinical ben-
efit, such as intratumoral injections, is highly ben-
eficial to the oncology patient population.
However, there are a multitude of factors that
affect the feasibility and administration process of
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intratumoral injections. From a technical aspect,
the tumor must be directly accessible to perform
the intratumoral injection of any lesion (Bult et
al., 2013). Training advanced practitioners on the
proper administration of intratumoral injections
with or without imaging guidance enhances acces-
sibility for patients due to the increased number of
providers available to provide this treatment.
Future research should also implicate the role
of providers in astutely monitoring adverse events
that arise from this therapy. Providers are primarily
responsible for sequential follow-up visits and must
keenly identify treatment-related adverse events to
intervene appropriately (Ulrich et al., 2011).

CONCLUSIONS

Intratumoral injections as a treatment modality
exist mainly in clinical trials, except for talimo-
gene laherparepvec therapy, which is standard of
care in melanoma patients. There must be further
research to explore the efficacy and adverse events
associated with this therapy in patients with solid
tumor malignancies. In addition, patient enroll-
ment in clinical trials must be expanded to fully
explore the use of anticancer targeted therapy
with intratumoral injections. Currently, no stan-
dardized guidelines exist on the use of intratumor-
al injections. However, with continued research,
information exploration will yield more findings
that can guide the effective use of this therapy and
minimize the associated adverse event profile.
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The authors have no conflicts of interest to disclose.
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