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LESSONS LEARNED

• HyperAcute Renal immunotherapy was well tolerated and demonstrated antitumor activity in patients requiring salvage-
line treatment for metastatic renal cell carcinoma (mRCC).

• HyperAcute Renal immunotherapy was safely administered with concomitant salvage-line treatments for mRCC, and it may be a
candidate for inclusion in novel combinations for salvage treatment ofmRCC because of its uniquemechanism of action.

ABSTRACT

Background. HyperAcute Renal (HAR) immunotherapy
exploits a naturally occurring barrier to xenotransplantation
and zoonotic infections in humans to immunize patients
against metastatic renal cell carcinoma (mRCC) cells. HAR con-
sists of two allogeneic renal cancer cell lines genetically modi-
fied to express α(1,3)Gal, to which humans have an inherent
pre-existing immunity.
Methods. Patients with refractory mRCC were eligible for this
phase I dose-escalation trial. Concomitant treatment was per-
mitted after the initial 2 months of HAR monotherapy. HAR was
injected intradermally weekly for 4 weeks then biweekly for
20 weeks, totaling 14 immunizations. The primary endpoint was
safety and determination of amaximum tolerated dose (MTD).
Results. Among 18 patients enrolled, two grade 3 adverse
events (AEs) were attributed to HAR, lymphopenia and injec-
tion site reaction, and no grade 4/5 AEs occurred. The rec-
ommended phase II dose (RP2D) was 300 million cells. One
patient had a partial response and eight patients had stable
disease, for a disease control rate of 50% (9/18). Median

overall survival with low-dose HAR was 14.2 months and was
25.3 months with high-dose HAR.
Conclusion. In pretreated mRCC, HAR immunotherapy was
well tolerated and demonstrated antitumor activity. HAR
immunotherapy may be a candidate for inclusion in novel
combinations for salvage treatment of mRCC. The Oncologist
2020;25:121–e213

DISCUSSION

The treatment landscape for mRCC is changing quickly, and
combinations of immune checkpoint inhibitors and/or angio-
genesis-targeted treatments are now being used as first-line
treatment for mRCC. As these drugs move to the first-line
setting, there is growing need for salvage-line mRCC treat-
ments with novel mechanisms of action. HAR is a novel
immunotherapy that consists of two allogeneic renal cancer
cell lines genetically engineered to produce α-galactosyl
epitopes (αGal). Humans do not produce αGal yet have anti-
bodies against it, and these antibodies are the basis for
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hyperacute-driven rejection of tumors. To date, HyperAcute
immunotherapy has been studied in pancreatic cancer, cas-
tration-refractory prostate cancer, non-small cell lung cancer,
and melanoma. Herein, we report the first study of HAR
immunotherapy in patients with mRCC.

In this phase I study, 18 patients with recurrent or refrac-
tory mRCC and a clear cell component received weekly intra-
dermal injections of HAR for 4 weeks followed by biweekly
injections for 20 weeks. Concomitant treatment with other
approved agents was permitted after the initial 2 months of
HAR monotherapy. The primary endpoint was safety and
determination of MTD. Secondary endpoints were objective
response rate (ORR) and progression-free survival (PFS). The
RP2D was set at 300 million cells intradermally without
dose-limiting toxicity (DLT). The most common AEs attributed
to HAR were injection site reactions (100%), fatigue (16.7%),
and lymphopenia (16.7%). The majority of these events were
grade 1 or 2. Two grade 3 AEs attributed to HAR were
reported, lymphopenia and injection site pain. The ORR was
5.6%, with one patient having a partial response (PR) to
treatment, and the disease control rate was 50% (9/18;

Fig. 1). Median PFS was 2.1 months (range 1.6–23.6 months)
in all patients. Median overall survival (OS) was 14.2 months
with low-dose HAR (range 3.6–21.6 months) and was 25.3
months with high-dose HAR (range 5.8–29.3 months).

In this study, HAR immunotherapy appears safe and well
tolerated in patients with mRCC, and as anticipated, the most
common AEs were local injection site reactions. Although this
trial was designed to assess the safety of HAR immunotherapy,
we also report underpowered efficacy findings. One patient
has experienced a durable PR that is ongoing at the time of
data cutoff, and another eight patients had stable disease with
HAR immunotherapy. Although the median PFS for HAR immu-
notherapy was short at 2.1 months, this was expected based
on HAR’s immunologic mechanism of action. Additionally,
median OS was 25.3 months in the 14 patients who received
high-dose HAR immunotherapy, which is similar to contempo-
rary salvage-line therapy for mRCC. These findings suggest that
HAR immunotherapy may be a candidate for inclusion in fur-
ther investigations of novel combinations for salvage treat-
ment of mRCC.

TRIAL INFORMATION

Disease Renal cell carcinoma – clear cell

Stage of Disease/Treatment Metastatic/advanced

Prior Therapy 1 prior regimen

Type of Study – 1 Phase I

Type of Study – 2 3+3

Primary Endpoint Safety

Primary Endpoint Maximum tolerated dose

Secondary Endpoint Efficacy

Additional Details of Endpoints or Study Design

Dose cohorts will initially consist of three eligible patients each and will be expanded to six patients if a DLT is seen. If MTD is not
reached in dose cohort 2, 300million cells will be declared the RP2D and the cohort will be expanded to enroll a total of 14 patients at
that dose level.

Investigator’s Analysis Drug tolerable, hints of efficacy

Figure 1. HAR immunotherapy response duration by individual patient.
Abbreviation: HAR, HyperAcute Renal.
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DRUG INFORMATION

Drug 1

Generic/Working Name Alpha-1,3-galactosyltransferase-expressing allogeneic renal cell
carcinoma immunotherapy

Trade Name HyperAcute Renal immunotherapy

Company Name NewLink Genetics Corporation

Drug Type Vaccine

Drug Class Immune therapy

Dose 300,000,000 units (U) per flat dose

Route Intradermal injection

Schedule of Administration Weekly for 4 weeks followed by biweekly for 10 weeks

DOSE ESCALATION TABLE

Dose level
Dose of drug: Alpha-1,3-galactosyltransferase-expressing
allogeneic renal cell carcinoma immunotherapy No. enrolled

No. evaluable
for toxicity

1 150,000,000 cells 4 4

2 300,000,000 cells 14 14

PATIENT CHARACTERISTICS

Number of Patients, Male 14

Number of Patients, Female 4

Age Median (range): 63 (44–78)

Number of Prior Systemic Therapies Median (range): 1 (0–4)

PRIMARY ASSESSMENT METHOD

Title New assessment

Number of Patients Enrolled 18

Number of Patients Evaluable for Toxicity 18

Number of Patients Evaluated for Efficacy 18

Evaluation Method RECIST 1.1

Response Assessment CR n = 0 (0%)

Response Assessment PR n = 1 (6%)

Response Assessment SD n = 8 (44%)

Response Assessment PD n = 9 (50%)

Response Assessment OTHER n = 0 (0%)

(Median) Duration Assessments PFS 2.1 months

(Median) Duration Assessments OS 14.2

Outcome Notes Median PFS was 2.1 months (range 1.6–23.6 months) in all
patients. Median OS was 14.2 months with low-dose HAR
(range 3.6–21.6 months) and was 25.3 months with high-dose
HAR (range 5.8–29.3 months).
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ADVERSE EVENTS

Adverse event by SOC/PT Grade 1, n (%) Grade 2, n (%) Grade 3, n (%) Grade 4, n (%) All grades, n (%)

Hematologic 2 (11) 2 (11) 1 (6) 0 (0) 4 (22)

Anemia 0 (0) 1 (6) 0 (0) 0 (0) 1 (6)

Leukopenia 1 (6) 0 (0) 0 (0) 0 (0) 1 (6)

Lymphopenia 1 (6) 1 (6) 1 (6) 0 (0) 3 (17)

General 16 (89) 4 (22) 1 (6) 0 (0) 18 (100)

Fatigue 2 (11) 1 (6) 0 (0) 0 (0) 3 (17)

Induration 2 (11) 0 (0) 0 (0) 0 (0) 2 (11)

Injection site bruising 6 (33) 0 (0) 0 (0) 0 (0) 6 (33)

Injection site erythema 15 (83) 2 (11) 0 (0) 0 (0) 17 (94)

Injection site extravasation 1 (6) 0 (0) 0 (0) 0 (0) 1 (6)

Injection site induration 10 (56) 0 (0) 0 (0) 0 (0) 10 (56)

Injection site irritation 2 (11) 0 (0) 0 (0) 0 (0) 2 (11)

Injection site edema 1 (6) 0 (0) 0 (0) 0 (0) 1 (6)

Injection site pain 10 (56) 2 (11) 1 (6) 0 (0) 13 (72)

Injection site pruritus 14 (78) 1 (6) 0 (0) 0 (0) 15 (83)

Injection site reaction 2 (11) 0 (0) 0 (0) 0 (0) 2 (11)

Injection site scab 2 (11) 0 (0) 0 (0) 0 (0) 2 (11)

Injection site swelling 11 (61) 3 (17) 0 (0) 0 (0) 14 (78)

Injection site warmth 6 (33) 1 (6) 0 (0) 0 (0) 7 (39)

Pain 4 (22) 0 (0) 0 (0) 0 (0) 4 (22)

Nervous system 1 (6) 0 (0) 0 (0) 0 (0) 1 (6)

Headache 1 (6) 0 (0) 0 (0) 0 (0) 1 (6)

Skin 3 (17) 0 (0) 0 (0) 0 (0) 3 (17)

Blister 1 (6) 0 (0) 0 (0) 0 (0) 1 (6)

Pruritus 1 (6) 0 (0) 0 (0) 0 (0) 1 (6)
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Rash 1 (6) 0 (0) 0 (0) 0 (0) 1 (6)

Urticaria 1 (6) 0 (0) 0 (0) 0 (0) 1 (6)

Vascular 0 (0) 1 (6) 0 (0) 0 (0) 1 (6)

Hypotension 0 (0) 1 (6) 0 (0) 0 (0) 1 (6)

Total 17 (94) 7 (39) 2 (11) 0 (0) 18 (100)

Treatment-emergent adverse events attributed to HyperAcute Renal.
If a subject experienced more than one event within a given SOC, that subject was counted once for that SOC. If a subject experienced more
than one event within a given PT, that subject was counted only once for that PT. The most severe event is counted.
Abbreviations: PT, preferred term; SOC, system organ class.

ASSESSMENT, ANALYSIS, AND DISCUSSION

Completion Study completed

Investigator’s Assessment Drug tolerable, hints of efficacy

Combinations of immune checkpoint inhibitors (ICIs) and/
or angiogenesis-targeted treatments are now used as first-line
treatment for metastatic renal cell carcinoma (mRCC) [1–3].
There is a growing need for salvage-line mRCC treatments with
novel mechanisms of action. mRCC is considered an immuno-
genic tumor based on its history of spontaneous regressions
of metastases to localized therapy, responses to high-dose
interleukin-2, and the recent success of ICIs [4, 5]. Thus, novel
immunotherapies are of special interest for patients
with mRCC.

HyperAcute Renal (HAR) exploits a natural barrier to xeno-
transplantation in humans in an attempt to immunize patients
against their own mRCC cells. HAR immunotherapy consists of
two allogeneic renal cancer cell lines that have been geneti-
cally engineered by retrovirus transduction to express the
murine enzyme α(1,3)-galactosyltransferase (αGT), which pro-
duces α-galactosyl epitopes (αGal). αGal is expressed on most
mammalian cells, except for humans and Old World monkeys,
and αGal epitopes are the basis for hyperacute-driven rejec-
tion of tumors [6]. In humans, intestinal bacterial flora stimu-
late the production of antibodies against αGal epitopes [7].
When these naturally acquired antibodies bind to αGal, it
results in activation of complement via the classical pathway
and induces antibody-dependent cell-mediated cytotoxicity
(ADCC) via natural killer cells [8–11]. αGal HyperAcute tech-
nology has been demonstrated to induce anticancer activity
and has been previously studied in pancreatic cancer, castra-
tion-refractory prostate cancer, non-small cell lung cancer, and
melanoma [12–14]. Herein, we report the first study of HAR
immunotherapy in patients with mRCC.

In this multi-institution phase I study, 18 patients with
recurrent or refractory mRCC and a clear cell component
received weekly intradermal injections of HAR for 4 weeks
followed by biweekly injections for 10 weeks. Following
institutional review board approval at each institution, all
patients provided informed consent. The first four patients
received the starting dose of 150 million cells, and then 14
patients received the escalated dose of 300 million cells.
Concomitant treatment with other approved agents was
permitted after the initial 2 months of HAR monotherapy.
The primary endpoint was safety and determination of a
maximum tolerated dose. Secondary endpoints are objec-
tive response rate (ORR) and progression-free survival (PFS).

The recommended phase II dose (RP2D) was set at 300
million cells intradermally with no dose-limiting toxicity
(DLT). The most common adverse events (AEs) attributed to
HAR were injection site reactions (100%), fatigue (16.7%),
and lymphopenia (16.7%; supplemental online Table 1). The
majority of these events were grade 1 or 2. Two grade 3 AEs
attributed to HAR were reported, lymphopenia and injection
site pain. No grade 4 or 5 adverse events were study related.
At data cutoff in September of 2018, seven patients (39%)
remained alive. The ORR was 5.6%, with one patient having a
partial response (PR) to treatment, and the disease control
rate was 50% (9/18; Fig. 1). Median PFS was 2.1 months
(range 1.6–23.6 months) in all patients. Median overall sur-
vival (OS) was 14.2 months with low-dose HAR (range 3.6–
21.6 months) and was 25.3 months with high-dose HAR
(range 5.8–29.3 months). Thirteen patients (72%) received
concomitant treatment after 2 months of HAR immunother-
apy. The accompanying treatments included nivolumab (12
patients, 67%), cabozantinib (1 patient, 5.6%), and sunitinib
(1 patient, 5.6%; Table 1).

In this study, HAR immunotherapy appears safe and well
tolerated in patients with mRCC, as the RP2D was reached
without any DLTs. As anticipated, the most common AEs
were local injection site reactions. In this salvage therapy
cohort of patients with mRCC, HAR immunotherapy demon-
strated antitumor activity. One patient has experienced a
durable PR that is ongoing at the time of data cutoff, and
another eight patients had stable disease with HAR immu-
notherapy. These findings suggest that HAR immunotherapy
can be safely combined with other salvage-line treatments
and is worthy of further study in mRCC.

Contemporary salvage-line treatment for mRCC includes
angiogenesis-targeted treatments (such as cabozantinib,
lenvatinib plus everolimus, or axitinib) and the ICI nivolumab
[15–17]. However, all of these salvage treatments are now
used in the first-line setting, as combination therapy
becomes the new standard of care. The development of first-
line combination therapy has resulted in a pressing need for
novel therapeutic classes in salvage-line treatment of mRCC.
HAR immunotherapy is a novel immunotherapy for mRCC
that exploits a natural barrier to xenotransplantation and
appears safe to combine with pre-existing salvage treat-
ments. Although this clinical trial was designed to assess the
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safety of HAR immunotherapy, we also report underpowered
efficacy findings. The median PFS for HAR immunotherapy
was short at 2.1 months; however, no effect on PFS was
expected based on HAR’s immunologic mechanism of action.
In the 14 patients who received high-dose HAR immunother-
apy, median OS was 25.3 months, which is similar to
nivolumab in CheckMate 025 (25.0 months) [16]. Because
patients received concomitant systemic therapies, it is diffi-
cult to elucidate the efficacy of HAR immunotherapy inde-
pendently of these concomitant therapies. However, this
study did establish acceptable safety and feasibility of com-
bining HAR immunotherapy with other approved systemic
therapies in mRCC. To accurately assess efficacy, a much
larger cohort of patients with mRCC will be needed.

Although the trial met its primary endpoint by demon-
strating safety in patients with mRCC, we would consider
changing the administration of concomitant therapies if we
were to repeat the trial. Per the trial protocol, investigators
could administer a concomitant treatment after an initial 2
months of HAR monotherapy. The delay in giving concomi-
tant treatment was necessary to establish the safety of HAR
immunotherapy in these patients; however, it could have
compromised the synergistic efficacy of HAR immunotherapy
and concomitant systemic therapy, such as nivolumab. We
hypothesize that HAR immunotherapy and nivolumab
could have a synergistic stimulatory effect on the immune
system’s response to tumor cells. When nivolumab binds
to programmed cell death protein 1 in vitro, it potently
enhances T-cell activation and cytokine production, but it
does not result in ADCC or complement-dependent cytotoxic-
ity [18, 19]. In contrast, HAR immunotherapy activates
complement and mediates ADCC. Theoretically, closer
administration of nivolumab and HAR immunotherapy could

result in improved efficacy through simultaneous engage-
ment of multiple arms of the immune system.

In pretreated mRCC, HAR immunotherapy was well tol-
erated and demonstrated preliminary evidence of clinical
activity. Because of its unique mechanism, HAR immuno-
therapy may be a candidate for inclusion in novel combina-
tions for salvage treatment of mRCC.
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Click here to access other published clinical trials.

TABLE

Table 1. Prior lines of treatment, concomitant therapy administered with HAR immunotherapy, and best response by
patient

Patient no. Best response Prior lines of treatment Dose of HAR, cells in millions Concomitant treatment

1 SD 4 150 None

2 PD 2 150 None

3 SD 1 150 None

4 SD 1 150 Nivolumab

5 SD 1 300 Nivolumab

6 PD 2 300 Nivolumab

7 SD 0a 300 Nivolumab

8 PD 2 300 Nivolumab

9 PD 1 300 Nivolumab

10 SD 1 300 None

11 SD 1 300 Nivolumab

12 PD 4 300 Nivolumab

13 PD 4 300 Nivolumab; cabozantinib

14 PD 1 300 Sunitinib

15 SD 1 300 None

16 PD 3 300 Nivolumab

17 PD 1 300 Nivolumab

18 PR 0a 300 Nivolumab
aPatient had nephrectomy prior to the study.
Abbreviations: HAR, HyperAcute Renal; PD, progressive disease; PR, partial response; SD, stable disease.
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