
Rucaparib

• Rucaparib is a small molecule poly(ADP-ribose) polymerase (PARP) 

inhibitor and has demonstrated activity in BRCA-mutant tumors 

through synthetic lethality1

• Rucaparib has also been shown to synergize with checkpoint 

inhibitors by increasing intratumoral CD8 T-cell infiltration and 

activating the STING pathway2

• Oral twice daily (BID) rucaparib is approved by the U.S. Food and 

Drug Administration for the maintenance treatment of adult patients 

with recurrent epithelial ovarian, fallopian tube, or primary peritoneal 

cancer who are in a complete or partial response to platinum-based 

chemotherapy and for the treatment of adult patients with 

deleterious BRCA mutation (germline and/or somatic)–associated 

epithelial ovarian, fallopian tube, or primary peritoneal cancer who 

have been treated with 2 or more chemotherapies.3 Rucaparib is 

currently being evaluated for the treatment of prostate, bladder, 

breast, pancreas, and other cancers

NKTR-214

• Interleukin-2 (IL-2) is a cytokine that activates and expands tumor-

killing lymphocytes, but also activates suppressive T regulatory cells 

(Tregs) through the heterotrimeric IL-2Rαβγ. In addition, a high dose 

of IL-2 administered every 8 hours in an inpatient setting is required

• NKTR-214,4 a biased agonist that targets the IL-2 pathway, provides 

sustained signaling through the heterodimeric IL-2 receptor pathway 

(IL-2Rβγ) to preferentially activate and expand natural killer (NK) 

and effector CD8+ T cells over Tregs in the tumor microenvironment

• NKTR-214 is currently in multiple phase 1 and 2 clinical trials5 in 

combination with checkpoint inhibitors (NCT02983045, 

NCT03138889). NKTR-214 is dosed once every 3 weeks in an 

outpatient setting
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PARP inhibition in tumors with HRD leads to 

DNA damage and immunogenic cell death.

BER HR

X

Biased and sustained signaling through IL-2R to 

preferentially activate and expand effector CD8+ 

T and NK cells over Tregs in the tumor 

microenvironment.

METHODS

n=4 tumor free

at study end

BR5FVB1-Akt Individual Tumor Volumes BR5FVB1-Akt Kaplan-Meier Survival

n=6 tumor 

free at day 54

Treatment Dose

Median 

survival time 

(MST) (days)

MST

P value vs 

vehicle

MST

P value vs 

combo

Tumor-free mice at 

study end

Vehicle --- 10 --- <0.0001 0/10

NKTR-214 0.8 mg/kg Q9D 10 NS <0.0001 0/10

Rucaparib 150 mg/kg BID 50 <0.0001 0.0006 0/10

Rucaparib + 

NKTR-124

150 mg/kg BID; 

0.8 mg/kg Q9D
90.5 <0.0001 --- 4/10

In vivo assessment of rucaparib, NKTR-214, and the combination was performed as described in the methods (n=10/group).

Individual tumor volumes over time are shown in the left panel and Kaplan-Meier survival analysis is shown in the right panel.

The effect of each treatment on survival is shown in the table at the bottom. Although this model is sensitive to rucaparib,

tumor-free mice were observed only in the combination group. Body weight loss was observed in the rucaparib monotherapy

and combination groups, with a nadir of 12% and 9% on day 22, respectively. All mice recovered weight when dosing ceased.

Interestingly, the combination of NKTR-214 and anti-PD1 in this same model showed only modest efficacy (data not shown).6

NS, not significant.

Vehicle Rucaparib NKTR-214 Combination

CD3 IHC

IHC was performed on BR5FVB1-Akt tumors (n=5) from each treatment group to assess the infiltration of CD3, CD4, and

CD8 T cells. Representative images are shown. Rucaparib + NKTR-214 combination treatment significantly enhanced the

infiltration of immune cells in the tumors compared with the vehicle or either monotherapy.
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The results from gene expression profiling of tumors were used to generate gene

expression heatmaps, where each column represents the changes in expression for the

individual genes that are used to define the indicated immune pathways.

HRD, homologous recombination deficiency; BER, base excision 

repair; HR, homologous recombination.

CTLs, cytotoxic lymphocytes.

The top figure shows genes in the NanoString panel induced (log2 fold change >0) by

rucaparib, NKTR-214, or the combination relative to vehicle. Thirty-nine genes were

significantly induced in all 3 groups compared with the vehicle. The bottom table shows

20 of these genes whose expression was significantly different between the monotherapy

and combination therapy. All 20 are expressed on T cells and a subset are involved in the

indicated pathways per KEGG or Reactome pathway analysis. The T-cell activation gene

expression pattern observed in the mouse model treated with monotherapy and the

combination is consistent with genes induced in human tumors treated with NKTR-214.7

The effects of rucaparib, NKTR-214, and the combination were assessed in vivo in the

ID8 F3 Brca2-/- model as described in the methods (n=10/group). The Kaplan-Meier

survival analysis is shown in the top panel. The impact of each treatment on median

survival time is shown in the table at the bottom. The study is ongoing, and there is a

trend toward superior efficacy with the combination treatment compared to either

monotherapy, with statistical significance noted in comparison to rucaparib alone.
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IHC analysis: BR5FVB1-Akt tumors (n=5/group) were collected on day 7, fixed in formalin and embedded in paraffin (FFPE). Immunohistochemistry (IHC) was performed on FFPE 

tumor sections to detect CD3 (Abcam #ab5690), CD4 (Sinobiological #50134-R001), and CD8α (eBioscience #14-0808-82) positive intratumoral immune cells. The staining was 

analyzed and imaged using a NanoZoomer-HT (Hamamatsu). Statistical significance was assessed by 1-way analysis of variance (P<0.05).

NanoString analysis: RNA was isolated from 3 frozen BR5FVB1-Akt tumors/group collected on day 7 using the RNeasy kit (Qiagen) and analyzed using NanoString nCounter 

Mouse PanCancer Immune Profiling Panel. Gene expression levels were analyzed in log 2 and divided by the average to obtain relative levels. 

ID8 F3 in vivo study: Mice (n=10/group) were implanted with ID8 F3 murine ovarian tumor cells (Tp53-/-, Brca2-/-) by intraperitoneal injection. Seven days after implantation, mice 

were treated with vehicle, rucaparib (150 mg/kg BID × 60 days), NKTR-214 (0.8 mg/kg Q9D × 7), or the combination at the same doses. Body weights were measured twice weekly. 

Statistical significance of survival was measured using the log-rank test (P<0.05)

Pathways

I = IL-2 signaling pathway

T = T-cell signaling pathway

C = Chemokine signaling pathway

N = NK cell mediated cytotoxicity pathway

A = Adaptive immune system pathway

Treatment Dose MST (days)

P value vs 

vehicle

P value vs 

combo

Vehicle --- 46 --- <0.0001

NKTR-214 0.8 mg/kg Q9D 74 0.0003 0.2127

Rucaparib 150 mg/kg BID 63 0.0009 0.0495

Rucaparib + 

NKTR-214

150 mg/kg BID; 

0.8 mg/kg Q9D
Ongoing <0.0001 ---

• Rucaparib + NKTR-214 provided enhanced survival as compared to 

either agent alone in BR5FVB1-Akt Brca1-/- and ID8 F3 Brca2-/- ovarian 

tumor models 

• Rucaparib + NKTR-214 increased in vivo intratumoral immune cell 

infiltration and enhanced the expression of genes involved in multiple 

immune-related signaling pathways over either agent alone

• NKTR-214 induced highly specific gene expression related to T-cell 

activation and proliferation, whereas rucaparib induced multiple 

immune pathways. Combining both agents merged and amplified the 

effects of each alone. Similar changes to the tumor microenvironment 

have previously been observed in patients treated with NKTR-2147

• The enhanced antitumor activity and superior survival observed with 

combination treatment may be due to activation of immune cell 

signaling pathways that promote proliferation, infiltration, and 

cytotoxic activity of NK and T cells. Additional studies are ongoing to 

fully define the mechanism of action

• The results of the studies presented here provide strong support for 

evaluating the combination of rucaparib and NKTR-214 in patients

ID8 F3 Kaplan-Meier Survival

BR5FVB1-Akt in vivo study: Mice 

(n=10/group) were subcutaneously 

implanted with BR5FVB1-Akt murine 

ovarian tumor cells (Tp53-/-, Brca1-/-, and 

infected with retroviruses containing human 

c-MYC and mouse myristoylated Akt1). 

Tumors were grown to 125 mm3 prior to 

treatment with vehicle, rucaparib (150 mg/kg 

BID × 28 days), NKTR-214 (0.8 mg/kg Q9D 

× 3), or the combination at the same doses. 

Tumor volumes and body weights were 

measured twice weekly. Statistical 

significance of survival was measured by 

the log-rank test (P<0.05).
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iv, intravenous; po, by mouth; 

Q9D, every 9 days.

Rucaparib + NKTR-214 

• The goal of these studies was to evaluate the antitumor activity of the combination of a targeted therapy (rucaparib) 

and a direct T-cell stimulator (NKTR-214) in mouse models of cancer

Log2 Fold Change in Gene Expression

Gene Pathway NKTR-214 Rucaparib Combination

Ctla4 TA 3.33 3.54 5.28

Cxcr6 C 3.11 2.51 4.94

Gzma 3.23 3.7 4.84

Ccl1 C 3.35 2.68 4.8

Il2ra I 2.66 3.71 4.74

Ltb I 2.05 2.81 4.44

Ctsw 2.28 2.65 4.27

Sh2d1a NA 1.92 2.98 4.04

Ccl5 C 1.53 2.98 3.96

Cd3e TA 1.39 2.03 3.85

Cd3d TA 2.14 2.2 3.67

Cd247 TNA 2.74 1.66 3.5

Cd3g TA 1.32 1.42 3.22

H2-Ea-ps 1.46 2.07 3.19

H2-Ab1 1.68 1.5 3.11

H2-Aa 1.66 1.3 3.05

Ikzf2 I 1.31 2.35 3.04

Cd74 A 1.51 1.54 2.98

Ctss A 1.18 2.28 2.88

Cd84 1.01 2.1 2.53

Rucaparib + NKTR-214 Combination Therapy 

Provides Survival Benefit in a Brca2-/- Syngeneic 

Ovarian Cancer Model

Rucaparib + NKTR-214 Combination Therapy Produces Tumor-Free Mice 

in a Brca1-/- Syngeneic Ovarian Cancer Model

Rucaparib + NKTR-214 Combination Therapy 

Results in Differential Immune-Related Gene 

Expression in Tumors

Rucaparib + NKTR-214 Combination Therapy 

Induces Immune-Related Gene Expression Profiles 

in Tumors


