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CONCLUSIONS

INTRODUCTION ADCC AND ADCP OF UNLABELED NNV003 CONTINUED BIODISTRIBUTION OF 177Lu-NNV003 THERAPEUTIC EFFECT OF 177Lu-NNV003 CONTINUED

The next generation radioimmunoconjugate (RIC) 177Lu-NNV003 (Humalutin®), consists of a chimeric antibody 
targeting CD37 (NNV003), conjugated with the chelator p-SCN-Bn-DOTA (DOTA) that chelates the β-emitting 
radionuclide lutetium-177. 

The murine version of 177Lu-NNV003, 177Lu-lilotomab satetraxetan, is currently in a clinical phase 2b trial for 
follicular lymphoma and phase 1 trial for DLBCL. 

NNV003 may have reduced level and severity of immunogenicity in patients and increased Antibody-Dependent 
Cellular Cytotoxicity (ADCC), Antibody-Dependent Cellular Phagocytosis (ADCP) and Complement-dependent 
Cytotoxicity (CDC). 

Here, we aim to investigate non-Hodgkin’s Lymphoma targeting and immunotherapeutic potency of NNV003, as 
well as the therapeutic and toxic effects of 177Lu-NNV003 in MCL, CLL and DLBCL models.

CYTOTOXICITY OF 177Lu-NNV003

CD37 EXPRESSION AND INTERNALIZATION 

Cell line Bmax (Antigens/cell) Internalization� (%)
REC-1 (MCL) 60 000 ± 7 200a 37

MEC-2 (CLL) 80 300 ± 28 000b 14

DOHH-2 (DLBCL) 104 000 ± 24 000b 6

Figure 1. Mechanism behind the effect of Humalutin®
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The mean number of CD37 antigens per cell and the percent internalized 177Lu-NNV003 after 18 hours were 
measured in REC-1 (MCL), MEC-2 (CLL) and DOHH-2 (DLBCL).

Table 1. Mean number of CD37 antigens per cell (Bmax) and percent internalized 177Lu-NNV003 after 18 hours 
incubation. 

a average of two individual experiments ± s.d.     b average of three individual experiments ± s.d.     c n=1 

ADCC AND ADCP OF UNLABELED NNV003

Induction of ADCC and ADCP was measured using FcγRIIa-H and FcγRIIIa Reporter Bioassay kits. CDC was 
measured by coincubating target cells, NNV003 and human serum, followed by cell viability measurement with 
CellTiter-Glo kit.

ADCC was induced in MEC-2 and DOHH-2 cells, but not in REC-1 cells. In a separate experiment with NK cells and 
higher effector:target cell ratio, however, 20% cell lysis of REC-1 cells by ADCC mechanism was observed. 

ADCP was induced in MEC-2 cells only. NNV003 did not induce CDC (not shown). 

Differences in ADCC and ADCP between cell lines may partly be explained by the higher internalization rate of 
NNV003 in the REC-1 cells, as the internalization decreases the number of antibodies available for effector cell 
binding. 

Figure 2. NNV003 induced ADCC in MEC-2 and DOHH-2 cells, but not in REC-1 cells (a). NNV003 induced ADCP 
in MEC-2 cells, but not in DOHH-2 and REC-1 cells (b). (N=3). Error bars = s.d. 

Figure 3. Assay for measuring cytotoxicity

Figure 4. Proliferation of REC-1, MEC-2 and DOHH-2 cells treated with 177Lu-NNV003. N=3, error bars = s.d.

Humalutin® inhibited proliferation of all cell lines, where DOHH-2 was the most radiosensitive cell line.

No anti-proliferative effect of the unlabeled NNV003 was observed.

Unspecific 177Lu-IgG1 also had some anti-proliferative effect (not shown), which was probably caused by radiation 
from RIC in the surrounding medium. This effect was not seen in vivo, however, since the unbound antibodies 
were washed away, see Figure 8.

Figure 5. Model for biodistribution

Figure 6. Biodistribution of 177Lu-NNV003 in two models: NSG mice with MEC-2 subcutaneous xenografts 
(blue), (n=3 mice per time point, error bars = s.d.), and CB17 SCID mice with DOHH-2 subcutaneous xenografts 
(orange and green), (n=6 mice per time point, error bars = s.d.). 

No redistribution of 177Lu-NNV003 in organs after initial uptake.

177Lu-NNV003 had low uptake in the liver, spleen and kidneys. The low uptake in femur shows that 177Lu-NNV003 
is stable in vivo, since free lutetium-177 tends to accumulate in the bones.

Humalutin® was able to target CD37 positive cells, reaching 45% injected ativity/g in MEC-2 tumors 3 days after 
injection and around 14% injected activity/g in DOHH-2 tumors after 24 hours.

THERAPEUTIC EFFECT OF 177Lu-NNV003

Figure 7. Model and dosing schedule in three therapy studies

In CB17 SCID mice injected with REC-1 lymphoma cells i.v., 177Lu-NNV003 (50 MBq/kg and 100 MBq/kg) 
prolonged survival compared to controls and cured 50-60% of the mice. Effect of unlabeled NNV003 antibody 
was observed, although not significant, probably due to ADCC effects (number and efficacy of NK-cells preserved 
in the CB17 SCID strain). 

In NRG (NOD-Rag1null IL2rgnull) mice i.v. injected with MEC-2 cells, 177Lu-NNV003 improved survival compared to 
controls. No difference was observed between one and two injections of NNV003 and 177Lu-NNV003. No effect 
of the cold antibody was observed, probably due to the lack of NK-cells in this strain. Aggressive tumor growth 
resulted in short survival time and low therapeutic effect. 

The survival of RAG-2 mice injected with DOHH-2 cells was more than 200 days after treatment with NNV003 or 
177Lu-NNV003. RAG-2 mice have functional NK-cells, and equal effects of the unlabeled antibody NNV003 was 
observed at all given doses indicating receptor saturation at 2 mg/kg.

177Lu labeled antibodies caused a transient hematological toxicity in the mice.

Figure 8. Survival of mice with i.v. injected NHL cells after treatment with 177Lu-NNV003. (a) CB17 SCID mice 
(n=8) with REC-1 cells, (b) NRG mice (n=8) with MEC-2 cells and (c) RAG-2 mice (n=9 or 10) with DOHH-2 cells. 
Therapy injections were given at day 2 (REC-1 and MEC-2 study) or day 3 (DOHH-2 study) and mice in groups 
marked 2 x received a second injection at day 9 after cell injection.

1. Unlabeled chimeric anti-CD37 NNV003 antibody induced ADCC and ADCP in lymphoma cell lines, 
but not CDC.

2.  177Lu-NNV003 had a favorable biodistribution with high uptake in CD37 positive tumors. 

3.  177Lu-NNV003 prolonged survival in three different in vivo therapy studies. 

4. Promising pre-clinical results with the chimeric anti-CD37 radioimmunoconjugate 177Lu-NNV003 
(Humalutin®) warrants further development in clinical trials for patients with non-Hodgkin’s B-cell 
lymphoma.
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