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CONCLUSIONS

INTRODUCTION RESULTS

Figure 2. DNA content and DNA damage in U-2932 and RIVA cells after treatment with 177Lu-lilotomab 
satetraxetan. 
Cells were treated with indicated doses of 177Lu-lilotomab satetraxetan [600 MBq/mg] for 18 hours, washed and 
fixated. DNA content (FxCycleFarRed) and DNA damage (anti-P-g-H2AX) were assessed by flow cytometry. 

Gro Elise Rødland1, Katrine Melhus2, Jostein Dahle2, Randi Syljuåsen1, and Sebastian Patzke1,2

1Institute for Cancer Research, Radiation Biology, OUH Norwegian Radium Hospital, Oslo, Norway; 2Nordic Nanovector ASA, R&D Department, Oslo, Norway. 

RESULTS

Characteristics of U-2932 and RIVA cells
  

Cell line Subtype Relevant information Medium

U-2932 ABC-DLBCL BCL2, BCL6, TP53, RB1 
over-expression, TP53 mutation 

RPMI 1640, 100 U/ml penicillin/
streptomycin, 15% FBS

RIVA ABC-DLBCL
t(4;8)MYC rearrangement, der(18) 
BCL2 amplification, P15INK4B deletion, P16INK4A 
deletion, RB1 deletion/mutation, TP53 mutation 

RPMI 1640, 100 U/ml penicillin/
streptomycin, 15% FBS

Figure 5. BLISS independence test scores and response curves of 177Lu-lilotomab combination treatments. 
U-2932 or RIVA cells were treated and analyzed as described in figure 4. Drug interaction was evaluated by BLISS 
independence test (box plots) and considered as hit if a combined effect was larger than the expected additive 
effect of the single agents at two consecutive days. Response curves show example screen data of HDAC and 
Topoisomerase inhibitors

•  177Lu-lilotomab satetraxetan (Betalutin®) treatment resistance is evident in a subset of DLBCL cell lines, 
including TP53 mutant U-2932 and RIVA ABC-DLBCL cell lines.

• Combinatorial drug screening for 177Lu-lilotomab satetraxetan treatment potentiating drugs identified 
mitotic kinase inhibitors as well as selected DNA targeting agents, such as topoisomerase or histone 
deacetylase inhibitors.

• Validation experiments confirm synergistic drug action of 177Lu-lilotomab satetraxetan and mitotic kinase 
inhibitors, and identify a dual inhibitor of cyclin-dependent kinases and Aurora kinases (JNJ-7706621) as 
lead candidate. 

• Exploration of treatment efficacy of 177Lu-lilotomab satetraxetan and mitotic kinase inhibitor combinations 
in pre-clinical models of aggressive DLBCL is warranted.
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DNA damage and G2-phase arrest in U-2932 and RIVA cells after 18 hours 
of treatment with 177Lu-lilotomab satetraxetan 

U-2932 and RIVA cells adapt to 177Lu-lilotomab satetraxetan treatment 
induced G2-phase arrest

Figure 3. DNA histograms of U-2932 and RIVA cells immediately, 2 and 6 days after treatment with 
177Lu-lilotomab satetraxetan. 
Cells were treated with 1 µg/ml of 177Lu-lilotomab satetraxetan [600 MBq/mg] for 18 hours, washed, and re-
seeded. DNA content (FxCycleFarRed) in fixated cells was assessed by flow cytometry immediately, 2 and 6 days 
post-reseeding.

Combinatory drug screen for anti-cancer compounds that potentiate the 
treatment effect of 177Lu-lilotomab satetraxetan in U-2932 and RIVA cells

Figure 4. Schematic presentation of primary screen design and response curves of U-2932 and RIVA cells to 
177Lu-lilotomab satetraxetan (Betalutin®) treatment. 
(A) U-2932 or RIVA cells are treated with 177Lu-lilotomab satetraxetan [600 MBq/mg] for 18 hours, washed 
and seeded into micro-titer wells pre-printed with anti-cancer compounds to reach 10, 100 or 1000 nM 
final concentration. 72 hours post seeding RealTimeGlo™ substrate was added, allowing the assessment of 
proliferation capacity by reading luminescence on a Tecan SPARK plate reader at 37oC on four consecutive days. 

(B) Absolute luminescence of U-2932 or RIVA cells treated or not for 18 hours with 1 and 0.5 µg/µl  
177Lu-lilotomab, respectively. RealTimeGlo™ substrate was added 72 hours post seeding and luminescence read 
on four consecutive days. 

(C) Major targets of drugs that show more than additive effect in combination with 177Lu-lilotomab satetraxetan 
in U-2932 or RIVA cells.

Topoisomerase and HDAC inhibitors are candidate combination drugs for 
177Lu-lilotomab satetraxetan, but ineligible for clinical application

Inhibitors of mitotic cell cycle kinases target cell divison after G2-phase 
arrest adaptation and have validated synergistic drug action with 
177Lu-lilotomab satetraxetan

Figure 6: Schematic presentation of validation screen design and dose-response curves of U-2932 and RIVA 
cells to 177Lu-lilotomab satetraxetan (Betalutin®) treatment. 
U-2932 or RIVA cells are treated for 18 hours with 177Lu-lilotomab satetraxetan [600 MBq/mg], washed and seeded 
into micro-titer wells pre-printed with cell cycle kinase inhibitors in a 10-step gradient ranging from 1 to 1280 nM 
f.c.. RealTimeGlo™ substrate was added 72 hours post seeding and luminescence read on four consecutive days. 
Line plots show relative luminescence compared to untreated cells.

Figure 7: Synergistic action of mitotic cell cycle kinase inhibitors and 177Lu-lilotomab satetraxetan (Betalutin®) 
in treatment of U-2932 and RIVA cells. 
Cells were treated as described in figure 6. 
(A) Cross tables of Combination Indexes (CompuSyn software) of tested kinase inhibitors (green indicates synergy).

(B) Dose-response curves for combinations of 177Lu-lilotomab satetraxetan and JNJ-7706621 in U-2932 and RIVA 
cells. 

(C) Combination Index (CI) – Effect level (Fa) plots of validation and confirmation experiments testing combinations 
of JNJ-7706621 and 177Lu-lilotomab satetraxetan in U-2932 cells.

The next generation anti-CD37 radioimmunoconjugate (RIC)  
177Lu-lilotomab satetraxetan (Betalutin®)

Figure 1. CD37 is an internalizing transmembrane glycoprotein widely expressed on mature B-cells and B-cell 
malignancies.  
The next generation anti-CD37 radioimmunoconjugate (RIC) 177Lu-lilotomab satetraxetan (Betalutin®), 
containing the beta-emitting radionuclide lutetium-177, is currently being tested as one-time injection therapy 
in a clinical phase 2b trial for follicular lymphoma (FL) and a phase 1 trial for diffuse large B-cell lymphoma 
(DLBCL). Updated results from the completed phase 1/2a trial in indolent Non-Hodgkin’s lymphoma patients 
are presented on Sunday, December 2nd, 2018, by Kolstad et al., abstract 2879.  We recently reported the 
systems biology analysis of germinal center like (GCB) and activated B-cell like (ABC) DLBCL cell lines to CD37 
targeting radioimmunotherapy (RIT) (Melhus, et al., PF642 at EHA23, Stockholm, 2018). 177Lu-lilotomab 
satetraxetan showed generally promising activity against DLBCL cell lines, but treatment resistance was evident 
in a subset of cell lines. In the present study we aimed at identifying resistance reversing drug combinations 
with 177Lu-lilotomab satetraxetan in two RIT resistant  ABC-DLBCL cell lines, U-2932 and RIVA.

Table 1. U-2932 and RIVA are ABC-DLBCL cell lines with BCL2 over-expression and TP53 mutation. 

Cell cycle kinase inhibitors interact synergistically with 177Lu-lilotomab 
satetraxetan 
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