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cytotoxicity (ADCC) in a patient with advanced
colorectal carcinoma carrying a KRAS mutation

under lenalidomide therapy

Gabriele Gamerith'*, Thomas Auer?, Arno Amann', Daniel Putzer?, Bettina Schenk?, Brigitte Kircher', Wolfgang Hilbe',
Heinz Zwierzina', and Judith Loeffler-Ragg*

'Clinic for Internal Medicine V; Innsbruck Medical University; Innsbruck, Austria; 2Clinic for Radiology; Innsbruck Medical University; Innsbruck, Austria;
3Clinic for General and Surgical Intensive Care; Innsbruck Medical University; Innsbruck, Austria; “Clinic for Internal Medicine VI; Innsbruck Medical University;

Innsbruck, Austria

Keywords: advanced colorectal cancer, immune therapy, antibody-dependent cellular cytotoxicity, functional imaging,
biologic response

Abbreviations: IMiDs, immunomodulatory drugs; NK cells, natural killer cells; FDG-PET, [F-18]2-deoxy-2-fluoro-D-glucose
positron emission tomography; ADCC, antibody-dependent cellular cytotoxicity

The failure of EGFR inhibitors in colorectal tumors with KRAS mutations requires the development of alternative treat-
ment strategies for this patient subgroup. Among the hallmarks of cancer the disturbed immunosurveillance and cancer
immune evasion have become emerging targets for cancer therapy. Due to their pleiotropic functions immunomodula-
tory drugs (IMiDs) are interesting agents for combination therapies in solid tumors. However, their possible contribution
and a way of monitoring their biological effects have yet to be revealed. In a heavily pretreated patient with advanced
colorectal cancer carrying mutations in APC and KRAS genes, we show an early metabolic response and enhanced NK
cell activity to monotherapy with lenalidomide. After subsequent lenalidomide/cetuximab combination treatment,
the patient had progressive disease. At the same time a reduced performance status, complicated by febrile neutrope-
nia, occurred, as well as a slight increase in metabolic activity. Concordantly, NK cell activity dropped back to baseline.
Thus, laboratory measurements and metabolic response assessment correlated with clinical conditions. This case report
describes the feasibility and potential of a functional assessment of patient derived immune competent cells in combina-
tion with functional imaging for the detection of a biological response.

Case Report

A 37-y-old woman with familiar adenomatous polyposis and
advanced colorectal cancer (APC and KRAS mutated primary
tumor) was referred to our department for further treatment. At
time of initial diagnosis she underwent subtotal colectomy for
obstructing carcinoma of the left colon and resection of liver
metastases (08/2006; pI3NIM1LOVORO). To treat three pri-
mary unresectable liver metastases neoadjuvant chemotherapy
with FOLFOX/bevacizumab and subsequent radiofrequency
ablation and a further atypical liver resection combined with ile-
ostomy reoperation were performed (12/2006). This procedure
was complicated by a perforation of the duodenum, peritonitis,
and multiple organ dysfunction syndrome. After recovery the
patient received four cycles of adjuvant FOLFOX chemotherapy.
One year later, she suffered a relapse with liver, pulmonary, and
pelvic metastases (08/2008) and underwent reinduction with
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FOLFOX/bevacizumab with the outcome of a progressive dis-
ease after 6 cycles. Unfortunately, the patient did not respond
to three subsequent cycles with FOLFIRI/bevacizumab. Due to
extensive pelvic progression the patient received palliative radio-
therapy (12/2009), bilateral nephrostomy, and a reinduction
with FOLFIRI until disease progression (07/2010). At this time
the patient agreed to take part in a clinical investigation trial
of lenalidomide and cetuximab in patients with advanced solid
tumors (NCT01166035). Treatment started with a monophase
of 15 mg lenalidomide orally once daily for 21 d. Afterwards
the patient received one 28 d-cycle of 15 mg lenalidomide once
daily and infusions of cetuximab on the days 1, 8, 15, and 22
(400 mg/m? at the first infusion, then subsequently 250 mg/m?).

During the first 6 wk of treatment, the WHO-five well-
being index increased from 40% to 60% and the patient
described a reduction of pelvic pain. Along with these clini-
cal findings, imaging with [F-18]2-deoxy-2-fluoro-p-glucose
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positron emission tomography (F-18-
FDG PET/CT) revealed an early meta-
bolic response. F-18-FDG PET/CT upon
inclusion proved high accumulation of
FDG within the target lesion in the liver
(Fig. 1).

In the first follow-up scan after three
weeks of lenalidomide monotherapy,
quantitative evaluation of FDG uptake
revealed a reduction of the maximum
standard uptake value (SUV_ ) within
the target lesion by 45%, from initially
12.1 to 6.7. Restaging after three weeks
of combined lenalidomide and cetuximab
treatment showed a slight increase of the
SUV__ 10 7.6 (+13.4%), still representing
a SUV reduction of 37.2% compared with
the baseline value.

Therapy had been complicated by a
bleeding episode after the liver biopsy
before treatment start requiring angio-
graphic embolization of the right 12¢h
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Figure 1. Functional imaging at different treatment time points. [F-18]2-deoxy-2-fluoro-b-glucose
positron emission tomography (F-18-FDG PET/CT) maximum intensity projection images (antero-
posterior view) demonstrating the FDG uptake during the treatment course of the patient. Upon
inclusion (A) high accumulation of FDG was shown within the target lesion in the liver. Quantitative
evaluation of FDG uptake of the first follow-up scan after three weeks of lenalidomide mono-
therapy (B) revealed a reduction of the maximum standard uptake value (SUV ) within the target
lesion by 45%, from initially 12.1 to 6.7. Restaging after three weeks of combined lenalidomide and

cetuximab treatment showed a slight increase of the SUV__ t0 7.6.

intercostal artery. At the end of the first
combination cycle, therapy was termi-
nated, because of progressive disease
according to the CT scan and febrile neutropenia in combination
with a high risk for urosepsis due to bilateral nephrostomy tubes.
Together with the patient, who had to travel a long way to the
study center, it was decided to discontinue the treatment.

The translational research program included a functional test-
ing of treatment response at the immune cellular level by mea-
surement of antibody dependent cellular cytotoxicity (ADCC).
Therefore, 9 ml of EDTA whole blood were collected before
treatment and in parallel to the imaging procedures. The blood
was processed immediately by density gradient centrifugation
using Lymphoprep™ (Fresenius KabiNorge AS for Axis-Shield
Poc AS) according to the manufacturer’s protocol to gain periph-
eral blood mononuclear cells (PBMCs). Subsequently, natural
killer (NK) cells were isolated from the PBMCs by negative
depletion with magnetic cell sorting (MACS), using the NK iso-
lation kit (Miltenyi Biotech). Afterwards, the purified and iso-
lated NK cells were seeded in 96 well plates at two different cell
numbers (20000 and 40000 cells/well) and cultured for 24 h in
RPMI, completed with 10% FCS, 2 nM 1L-glutamine and 1%
penicillin/streptomycin (PAA) either with or without Interleukin
2 (IL-2) (10 ng) (Sigma-Aldrich). NK purity had been assessed
in preceding projects by flow cytometry analyses of CD3-CD56*
(BD Bioscience) stained cell population, revealing a purity
of at least 90% (data not shown). ADCC measurements were
performed in triplicates using a standard chrome release assay.!
Shortly, radioactive chromium *'Cr labeled SCC25 (oral squa-
mous carcinoma cell line) cells (100 wCi) were added (1000 cells/
well) with or without cetuximab (110 pg/well) to the pre-seeded
NK cells. After 4 h of co-incubation, the amount of radioactive
chromium release was measured in the cell culture supernatants
with a gamma counter. Percentage of specific lysis was calculated
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according to the formula reported by Strohlein et al.?: % specific
lysis = 100 x (mean experimental release — mean spontaneous
release)/(mean maximal release — mean spontaneous release).
In accordance with the clinical benefit described above and the
findings of the metabolic imaging, the ADCC measurements of
patient-derived NK cells showed the highest increase in antibody-
dependent cellular cytotoxicity after lenalidomide monotherapy
(Fig. 2).

Incubation of patient-derived NK cells after 3 weeks of
lenalidomide monotherapy with cetuximab-labeled SCC25
cells revealed an increase of specific tumor cell lysis of 10% for
both effector:target ratios. The additional combination with
the cytokine IL-2 even displayed an increase of up to 50%
compared with baseline (prior therapy). Concurrently to the
clinical progression, at the third timepoint of investigation the
ADCC decreased to baseline levels, but the cellular cytotoxicity
(NK cells only) yet remained 5% and 10%, respectively above
baseline.

Discussion

Standard therapy of metastatic colorectal cancer comprises of
chemotherapy regimen partially in combination with monoclo-
nal antibodies blocking the vascular endothelial growth factor
(VEGF) or the epidermal growth factor receptor (EGFR). As
KRAS mutant tumors do not respond to antibodies that block
EGEFR, these patients have less therapeutic options than those
with wild-type tumors.

Among the hallmarks of cancer and mechanism-based target-
specific treatments, the therapeutic manipulation of immuno-
evasion of tumors is an emerging concept.’ Especially the IgGl

Cancer Biology & Therapy 267

©2014 Landes Bioscience. Do not distribute.



o

ecific lysis
& O
o

30 |

[pretreatment]

20:1 40:1

[after 4 weeks combination therapy)

20:1 40:1
effector (NK):target (SCC25) cell ratio

[after 3 weeks lenalidomide monotherapy]

m blank
» 10 pg/ml Cetuximab
m 10 ng/ml IL-2

® 10 pg/ml Cetuximab + 10 ng/ml
IL-2

Figure 2. Chromium-release measurement of ADCC of patient blood samples at different treatment time points. Time- and treatment-dependent
enhancement of specific tumor cell lysis mediated by patient-derived NK cells toward naive or cetuximab-coated SCC25 cells (ADCC) (effector [NK]:
target [SCC25] cell ratio 20:1 or 40:1). Specific lysis was calculated from radioactive chrome release assay. Data represent mean percent of lysis + SD of

triplicates.

subclass of therapeutic monoclonal antibodies (mAb) appear to
trigger various immunological responses that may be responsi-
ble for their clinical activity apart from targeting the signaling
pathway itself. This cascade may be triggered by mAb-mediated
antibody-dependent cellular cytotoxicity (ADCC), leading to
the generation of a large amount of released tumor antigen (TA),
which can be processed and presented by dendritic cells to induce
a tumor antigen-specific T lymphocytic response. Cetuximab, an
IgGl EGFR blocking antibody approved for use in metastatic
colorectal cancer has shown an increase of ADCC independent
of KRAS status in preclinical colorectal models in combination
with immunomodulatory drugs.!

Additional combination with immune activating agents
might enable relevant effects in patients with otherwise cancer-
mediated immunosuppression.” Especially thalidomide analogs,
the so called immunomodulatory drugs (IMiDs), are poten-
tial combination partners with pleiotropic properties including
immunomodulation, antiangiogenic, anti-inflammatory, and
some antiproliferative effects.”® Lenalidomide (Revlimid®) is a
second generation thalidomide derivative and is able to function
as co-stimulatory molecule for mature T cells, to mitigate the
negative effects of CTLA-4 signaling, to induce phosphorylation
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of CD28, and to inhibit regulatory T cells.” Beside its actions on
the adaptive immune system, lenalidomide also targets the innate
immune response by activation of natural killer cells (NK) as
well as natural killer T cells. This drug has already demonstrated
efficacy in the treatment of a number of hematological malig-
nancies, most notably multiple myeloma. It also appears to be
highly active in combination with the anti-CD20 antibody ritux-
imab, most likely due to an enhancement of ADCC.8 In the solid
tumor setting, lenalidomide combinations with selected cyto-
toxic agents are currently being assessed.”! In vitro, lenalidomide
enhanced NK cell-mediated ADCC of cetuximab-coated tumor
cells.! Furthermore, lenalidomide has also been shown to enhance
the ability of immune cells to kill prostate cancer cells in vitro
and to enhance markers of immune activation in patients with
advanced solid tumors.”'*" Despite the diverse effects of IMiDs
in vitro, the relative contribution of each of these to their ultimate
antitumor activity remains unclear. Although the co-stimulatory
effects on NK cells have been heralded as an important feature,
these in vitro effects have yet to be firmly corroborated in vivo. In
addition, it is presently not known how the biologic responses of
individual patients, especially of heavily pretreated patients can
be monitored.
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In this case report a woman with APC and KRAS mutation
positive advanced colorectal cancer took part in a phase I/II study
with a lenalidomide prephase monotherapy followed by a lenalido-
mide/cetuximab combination therapy. Study endpoints included
evaluation of dose-limiting toxicity and early biologic response.
Despite multiple lines of pretreatment, we detected reduced tumor
metabolism assessed by FDG-PET imaging after administration
of lenalidomide monotherapy for 3 weeks. In parallel, patient
derived NK cells exerted potentiated ex vivo ADCC activity com-
pared with the pretreatment assays and the WHO-five well-being
index increased. Since direct antiproliferative effects of lenalido-
mide are unlikely at the used dose level,' our findings support the
hypothesis that the metabolic response in this patient at this time
point was caused by enhanced immune response.

As described above, the patient was taken off protocol after
the following four weeks of combination treatment with lenalid-
omide and cetuximab due to progressive disease according to
RECIST and along with a reduced performance status, compli-
cated by febrile neutropenia. As recently demonstrated for other
immunomodulatory drugs immunotherapeutic agents may result
in response even after initial progressive disease.”!® According
to immune-related response criteria'® continuation of medication
could be discussed. In addition, at that time point the functional
imaging of the liver target lesion still showed a SUV reduction
(37.2%) compared with the baseline value, even though SUV
increased slightly compared with the initial 45% reduction. In a
recent publication a SUV reduction of 36% or greater was shown
to predict a histopathological response,"” but no clear cut off to
define tumor progression is available. Furthermore, metabolic
imaging cannot distinguish between tumor growth and inflam-
mation, thus there are limitations to metabolic imaging, espe-
cially regarding immunostimulatory agents.

The lack of immunological response to the combination ther-
apy in our patient remains elusive. Wu et al.! reported about the

complex interactions between lenalidomide-pretreated NK effec-
tor cells and solid tumor cells and described the requirement of
specific NK cell-activating receptors to trigger ADCC against
tumor cells in vitro. Therefore, cytokine release in febrile neutro-
penia and escape mechanisms modulating the surface receptors
of NK cells or the change in target expression on tumor cells
could have influenced the response and ADCC measurements.
In addition, despite primarily suggested ADCC effects in k-ras
mutant tumors,'® recent data discuss this controversially.”

In summary, our case report demonstrates for the first time
the feasibility of functional immunoassays with patient-derived
NK cells and early changes in metabolic imaging in a therapeu-
tic setting with lenalidomide and cetuximab. In addition to the
already widely used imaging techniques to assess early response,
functional immunoassays might improve the development of
new cancer drugs.

Future studies including eatlier tumor stages will show,
whether NK cell activity correlates with clinical outcome and
may serve as a biomarker to monitor early response. The combi-
nation of IMiDs with antibodies capable of directing antibody-
dependent cell-mediated cytotoxicity represents an attractive
approach, since this strategy may bypass the intrinsic genetic
defects in the cellular proliferative machinery of cancer.
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