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Case Report: Complete response
with combination oncolytic virus
immunotherapy in a patient with
stage IV renal cell carcinoma—a
promising innovative approach
Benjamin Gesundheit1*, Chaim Brauns1, Thomas J. Vogl2,
Alexander Muckenhuber3, Christine Weisslein1,
Harald Schmoll 1, Ronald Ellis1, Yehudit Posen1

and Jayadeepa Srinivas Raju1

1Research and Development, RapoYerape Ltd., Jerusalem, Israel, 2Department of Radiology and
Nuclear Medicine, Frankfurt University Hospital, Frankfurt am Main, Germany, 3Institute of Pathology,
Technical University of Munich, Munich, Germany
Metastatic renal cell carcinoma stage IV (RCC-IV) remains a therapeutic
challenge, with an overall 5-year survival rate of 12%. Conventional
chemotherapy and radiotherapy have shown relatively low ef�cacy in reducing
morbidity and mortality, whereas innovative immunotherapies have
demonstrated promising clinical results with fewer adverse events (AEs).
Oncolytic virus (OV) immunotherapy has produced remarkable therapeutic
effects in many solid tumors, including refractory and end-stage tumors, with
intratumoral (IT) injection (IT-OV) suggested to enhance both ef�cacy and
tolerability. We report the clinical course of a patient with RCC-IV who was
treated over a period of 3 years with multiple IT injections of various OVs and
another immunotherapeutic agent. A complete response—con�rmed through
periodic radiological surveillance and biopsies—was achieved without any
serious side effects, hospital admissions, or surgical interventions throughout
the entire treatment course. To our knowledge, this is the �rst documented case
of complete remission of RCC-IV mediated by IT-OV therapy. The rationale and
potential of IT-OV therapy as an innovative approach for treating RCC-IV
are discussed.
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1 Introduction

Treatment of renal cell carcinoma (RCC) remains a clinical
challenge. While early-stage RCC can be cured in 70%–80% of
patients, the 5-year survival rate for stage IV RCC (RCC-IV)
remains 12% (1–4). This poor prognosis persists despite the
availability of various treatment options, including partial/total
nephrectomy, immunotherapies, and tumor ablation via
cryotherapy or radiofrequency. Current management primarily
focuses on prolonging survival while maintaining a good quality
of life (QoL). Therefore, novel therapeutic modalities are
needed (5).

Various oncolytic viruses (OVs) have demonstrated positive
therapeutic effects and an acceptable safety pro�le (6) against several
solid tumor types, including refractory and incurable cancers. The
therapeutic effect of intratumorally injected OVs (IT-OV) is driven by
a high localized concentration of the virus, leading to rapid oncolysis
while sparing normal cells (7). The IT-OV-damaged or lysed
circulating tumor cells (CTC) subsequently activate the endogenous
immune system (8), thereby “priming” immune cells to recognize and
eliminate residual tumor cells. This results in an abscopal effect, with
regression of both the IT-OV-targeted tumor and peripheral
metastases (9, 10). Combining two or more OVs can enhance the
oncolytic effect (11, 12), and genetically engineered OVs have
demonstrated even greater therapeutic potential (13). IT-OV is
signi�cantly more effective than systemically administered OVs, as
the high localized concentration within the tumor tissue induces
potent local oncolysis and is associated with fewer adverse events
(AEs) compared to systemic OV treatment (14, 15). Moreover, IT-
OVs directly overcome the immunological defense mechanisms of the
tumor microenvironment, making them more effective than
systematically delivered OVs.

RCC-IV patients are considered good candidates for minimally
invasive IT-OV therapy, as their treatment is typically palliative. In
addition, RCC tumors are often readily accessible via ultrasound (US)
or CT, which can be used to guide IT-OV injections. Furthermore, OV
immunotherapy has demonstrated clinical success in the treatment of
urological cancers (16). Based on this rationale, the newly diagnosed
RCC-IV patient described below was treated with IT-OV.
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2 Case presentation

A previously healthy 55-year-old man presenting with sudden-
onset abdominal and �ank pain (February 2020) was diagnosed
with an 11 cm × 9 cm × 9 cm renal mass. Initial ultrasound (US)
assessment revealed near-total displacement of the left renal
architecture and rupture of Gerota’s fascia along the lower pole,
likely causing the clinical symptoms. Radiological evaluation was
consistent with RCC-IV, and biopsy con�rmed papillary RCC type
1, WHO-/ISUP-grade 1 (17). The patient was offered standard
conventional treatment, however, aware of its limited prospects for
success and the potential for signi�cant AEs with poor QoL, he
opted for experimental treatment instead.

The experimental personalized IT-OV treatment, offered on a
compassionate-use basis (Individueller Heilversuch), was discussed
in detail with the patient. After providing signed informed consent,
the patient received CT-guided IT-OV injections, which included
Newcastle disease virus (NDV), reovirus 3 (REO3) virus, vaccinia
virus, and/or parvovirus. A total of 23 IT-OVs were administered
over a 35-month period. Treatment intervals were adjusted based
on clinical course and radiological response OVs 1–6 every 2 weeks,
OVs 7–10 every 4 weeks, OVs 11–18 every 2 months, and OVs 19–
23 every 3 months (Table 1). OVs were titrated to dosages based on
patient tolerance: NDV = 8.5 × 108–4.1 × 1010, REO3 = 9.4 × 108–
1.0 × 1010, and vaccinia = 1.0 × 107–1.0 × 108. A rigorous
surveillance strategy, aligned with previously published
recommendations (18), was adopted. This included clinical
assessments, laboratory investigations, and imaging studies. The
follow-up schedule was individualized and guided by the patient’s
evolving clinical status.

Whole-body PET with FDG and CT with intravenous contrast
(Figures 1A (1), (B) (1)), performed 7 days after the �rst IT-OV
treatment revealed an 11-cm heterogeneously enhancing mass in
the lower-mid pole of the left kidney, with a signi�cant mass effect
on the renal collecting system. The renal architecture was distorted,
the adjoining calyces were compressed, and the lower pole of
Gerota ’s fascia was disrupted. The mass demonstrated
pathological intense uptake, distinct from physiological renal
uptake. The left adrenal gland was thickened and demonstrated
TABLE 1 Oncolytic virus treatment summary.

Treatment sessions The mean interval between treatments NDV REO3 Vaccinia Parvovirus

Days (range) PFU PFU PFU PFU

1–6 16 (15–19) 4.1 × 109 1.0 × 1010 1.4 × 107 –

7–10 20 (17–24) 8.5 × 108 1.0 × 109 1.0 × 107 –

11–17 60 (26–113) 1.0 × 109 9.4 × 108 2.3 × 107 –

18–23 77 (35–140) 1.0 × 1010 6.7 × 109 1.0 × 108 1.0 × 108
NDV, Newcastle disease virus; PFU, plaque-forming unit; REO, reovirus.
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increased uptake. Metastatic nodal uptake with enlarged sizes was
observed in the left retroperitoneal, right retroperitoneal,
paraesophageal, and supraclavicular lymph nodes (LN),
con�rming TNM stage IV (T4N1M1) (Figures 2A (1)–D (1), 3B
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(1)). Diffuse, mildly increased uptake in the axial skeleton—
attributed to immune-mediated stimulation of bone marrow at
the precursor level—was noted (Figure 3C (1)). No focal bone
uptake suggestive of osseous metastases was found.
FIGURE 1

CT, PET, and fused PET-CT images demonstrating shrinkage of the renal mass (coronal view) and urine cast of necrotic tumor tissue. The treatment
response timeline of the left renal primary lesion is shown in coronal view panels as contrast-enhanced CT (A 1–5), fused PET (B 1–5), unfused PET
CT (C 1–5), and 3D volume-rendered images using angio (D 1–5) and soft-tissue (E 1–5) presets with digital subtraction of background anatomy.
Contrast CT on (A 1), fused PET CT on (B 1), and unfused PET on (C 1) shows a large left renal mass with intense pathological uptake, followed by a
decrease in size on (A 2, 3) and a small residual scar on (A 4). On (A 5), there is interval development of a possible focus of dystrophic calci�cation.
(B 2–C 2, B 3–C 3) Signi�cant decrease in uptake, with complete resolution of pathological uptake on (B 5–C 5). The 3D volume-rendered images
in the angio preset (D 1) and soft-tissue preset (E 1) show PET-correlated intense uptake in the lower pole, appearing as a thickened lower pole
cortex. (D 2–E 2) Decreased uptake with a central de�cit corresponding to necrotic debris; (D 3–E 3, D 4–E 4, D 5–E 5) Restored physiologic
uptake.
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FIGURE 2

Fused PET-CT timeline and graphs showing shrinkage of renal cell carcinoma, left adrenal, and metastatic lymph nodes (coronal view). Rainbow
spectrum fused PET-CT image panels demonstrating lesion-wise treatment response over the course of treatment, presented anatomically from top
to bottom: left supraclavicular LN (A), paraesophageal LN (B), right retrocrural LN (C), left retroperitoneal LN (D), left adrenal (E), and left kidney (F).
(A 1–F 1) Pathological uptake (red) with a faint halo of immune-mediated in�ammatory �are (yellow). (F 2) Oncolytic response with a necrotic,
ametabolic central core and subsequent normalization of the renal outline and function on (F 3–5); note the phase misregistration artifact in (F 4). (E
1) Pathological uptake in the left adrenal gland, with decreasing uptake in (E 2, 3) as a partial response to treatment, and in (E 4, 5), a normal-sized
adrenal with no uptake, con�rming NED. (A 1–D 1) Hyperimmune activation of all four LN stations, most intense at the regional left retroperitoneal
LN (D 1). (A 2–D 2) Transient metabolic �are phenomenon, demonstrated by increased size and metabolic uptake with smudged margins
corresponding to an in�ammatory halo. This is followed by a gradual decrease in uptake on (A 3–C 3), with complete interval resolution of
pathological uptake in the distant LN (A 4–C 4) and minimal residual uptake in the left retroperitoneal LN (D 4) = Figure 3B (4)), which resolves
completely on (D 5). Graphical representations of lesion volumetry and metabolic uptake, expressed as maximum SUV, across the milestone times
are presented on the right-hand side for correlation.
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2.1 Left renal primary

Three months after initiation of IT-OV treatment, a 45%
decrease in the renal mass volume was observed (Figure 1A (2)),
along with a 42% decrease in metabolic activity, as assessed by
maximum standardized uptake value (MSUV), and the evolution of
a central ametabolic necrotic area or oncolytic cavity (Figures 1B
(2), C (2)). Additional observations included the restored intactness
of the Gerota’s fascia along the lower pole and small intracavitary
air loculi from the IT-OV administration, which resolved over time
(Figure 1A (2, 3)). There was also relieved compression on the
excreting interpolar calyces in the upper pole which assumed
physiological excretory function (Figure 1B (2)). Subsequent
assessments demonstrated a continued steady reduction in tumor
size, reaching a 90% reduction from baseline, along with a 70%
Frontiers in Oncology 05
reduction in pathological metabolic uptake, accompanied by a
functional 18F-�uoro-deoxyglucose (FDG) excretion via the renal
tubules and preserved function following IT-OV treatment. The
upper pole and the interpolar regions of the left kidney remained
anatomically and functionally viable. The size, contour, and
function of the left kidney were fully restored, with residual
ametabolic scar tissue in the lower pole (Figures 1, 2).
2.2 Left adrenal gland

On the �rst PET-CT, the left adrenal gland demonstrated
increased uptake and mild thickening, which steadily declined
with continued treatment, eventually returning to normal
anatomical con�guration and uptake (Figure 2D).
FIGURE 3

PET overview: shrinkage of renal cell carcinoma following intratumoral oncolytic virus immunotherapy. (A, B) Coronal and (C) sagittal 3D maximum
intensity projection (MIP) images demonstrating the route of lymphatic spread and the treatment response in the whole body (A 1–5), a magni�ed
view of the abnormal uptake in the left upper-mid torso depicting the lymphatic response (B 1–5), and sagittal midline MIP images (C 1–5) showing
the initial immune activation in the axial skeleton. (A 1, B 1) Intense uptake in the lower pole of the left kidney (orange outline on (B 1). (A 2, B 2)
Immune activation uptake in the pathological left retroperitoneal LN, extending up to the left supraclavicular LN, with increased size, number, and
uptake in LNs along the route of spread (in red outline). (A 3, B 3) Resolution of uptake at distant sites, with lower persistent uptake in the left
retroperitoneal region. (A 4, B 4) Near-complete resolution in the left retroperitoneal region, with a single LN showing minimal uptake (red outline).
(A 5, B 5) Complete resolution with no evidence of disease. (C 1) Transient intense uptake in the axial skeleton (vertebrae and sternum); (C 2–5)
normal baseline levels, con�rming a one-time initial immune activation at the precursor level (bone marrow).
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