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Prolonged stable disease in a uveal melanoma patient with germline
MBD4 nonsense mutation treated with pembrolizumab and ipilimumab
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Abstract

There is currently no effective treatment for metastasised uveal melanoma (UM). Recently, it was reported that a UM patient was
responsive to checkpoint inhibitor (CI) treatment, due to a high tumour mutation burden correlated with a germline loss-of-
function MBD4 mutation. Here, we report on another UM patient who carried an MBD4 germline nonsense variant
(p.Leu563Ter) and her tumour showed a fivefold higher than average mutation burden. We confirmed the association between
germline loss-of-function variant in MBD4 and CI response. The patient experienced stable disease (10 months) and survived
2 years with metastatic disease, which is twice as long as median survival. Additionally, the frequency of MBD4 loss-of-function
variants in reported UM cohorts was >20 times higher than in an aggregated population genome database (P <5 x 107°),
implying a potential role as UM predisposition gene. These findings provide a strong basis for the inclusion of MBD4 in the
screening of potential UM-prone families as well as stratification of immunotherapy.
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In the Caucasian population, uveal melanoma (UM) has an
annual incidence of 2—8 cases per million (Virgili et al. 2008).
Currently, non-invasive primary UM is effectively controlled
with radiotherapy (episcleral brachytherapy), transpupillary
thermotherapy, enucleation, or combinations of these.
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However, despite intervention at the stage of primary disease,
~50% of UM cases metastasize within 15 years, which is
invariably fatal with no effective treatments available
(Damato and Heimann 2013). Recently, progress has been
made for treating cutaneous melanoma (CM), including
targeted therapies and immunotherapies (Polkowska et al.
2016), which have unfortunately not translated to successful
treatments for UM (Oliva et al. 2016). Germline biallelic de-
activation of MBD4, which encodes a DNA glycosylase, has
been reported to predispose to acute myeloid leukaemia, pre-
sumably through compromising DNA repair, resulting in a
high mutation load (Sanders et al. 2018). Recently, effective
checkpoint inhibitor (CI) therapy for metastatic UM and glio-
blastoma patients with germline loss-of-function (LoF) muta-
tions in MBD4 has been reported (Rodrigues et al. 2018). We
therefore sought to identify additional UM patients that had
received CI and carried an MBD4 germline LoF mutation. To
this end, we interrogated germline genome and exome se-
quence data from a previous study of UM genomics, and of
28 patients available, one patient had a germline LoF mutation
in MBD4 (Johansson et al. 2016).

The patient was a female indoor worker with blue eyes,
Fitzpatrick type 1 skin and few moles. She presented at
65 years with sudden-onset blurred left vision leading to a
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diagnosis of choroidal melanoma. A whole body positron-
emission tomography (PET) computed tomography (CT) in-
vestigation found no evidence of metastatic spread. Given
these findings, iodine 125 episcleral brachytherapy was un-
dertaken, after which the tumour initially regressed. However,
10 months later tumour growth of 3 mm was observed and she
therefore underwent enucleation. Histopathological analysis
showed a variable, darkly pigmented choroidal melanoma
posterior in the globe measuring 10 mm in diameter and
4 mm in height of mixed spindle A (40%) and B (60%) types,
with 1 mitosis per square millimetre. Tumour was present
adjacent to the optic nerve head, with no invasion and minimal
extension through the scleral envelope. Further testing re-
vealed tumour cell nuclei were negative for BAP1 staining
and FISH studies showed monosomy 3 and copy number
gains of 8q. Together, these findings placed the patient in the
high-risk category for metastatic progression.

Four years after initial presentation, despite the patient be-
ing asymptomatic, routine liver function tests were noted to be
raised. Subsequent abdominal ultrasound identified numerous
liver lesions implicating metastases; CT and bone scan con-
firmed widespread liver metastases and a solitary rib metasta-
sis. Liver biopsy revealed a heavily pigmented epithelioid
malignancy consistent with metastatic melanoma; no activat-
ing mutations in BRAF or NRAS were detected by targeted
sequencing. With her history, the temporal and characteristic
patterns of spread were consistent with secondary UM.

Given the absence of suitable clinical trials and therapeutic
availability, the humanised IgG4 programmed death 1 (PD-1)
monoclonal antibody, pembrolizumab (Keytruda™; Merck)
was commenced as monotherapy (2 mg/kg intravenously ev-
ery 3 weeks). The patient experienced no dose-limiting toxic-
ities or immune-related adverse event during this treatment.
After 15 cycles (45 weeks), with stable disease her best re-
sponse, progression was confirmed with increased liver and
rib metastases as well as new cutaneous and subcutaneous
lesions. The anti-cytotoxic T lymphocyte-associated antigen
4 (CTLA-4), ipilimumab (Yervoy™; Bristol-Myers Squibb)
was given as follow-on therapy at 3 mg/kg intravenously at
3 week intervals for 4 doses only (initial induction course).
The 4th cycle was delayed due to grade 1 colitis which settled
without corticosteroids and no other immune-related adverse
events were noted. However, further progression was noted at
both the initial and delayed evaluation CT scans after the in-
duction 4 cycles. No further systemic therapy was given be-
yond 13 months post initiation besides thoracic spine radio-
therapy 3 months after therapy cessation to prevent spinal cord
compression. With no further appropriate systemic therapy
available, supportive care alone was continued until the pa-
tient died 2 years after diagnosis of disseminated disease.

Ethics approval was obtained from the Human Research
Ethics Committees of the QIMR Berghofer Medical Research
Institute. Written informed consent was obtained from the
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patient. We performed exome sequencing of the primary
UM from this individual. Sequencing, read alignment, muta-
tion calling, mutation signature analysis, and Sanger sequenc-
ing were performed as previously described (Johansson et al.
2016). We analysed chromosome copy number with a moving
average over read depth in protein-coding regions. Bins were
defined so each bin contained 2 million bases and median of
coverage was used as metric. Allelic imbalances were identi-
fied by looking at variant allele frequency in tumour sample at
loci being heterozygous in germline. Heterozygosity was de-
fined as Phred-scaled genotype likelihood for homozygous
genotypes being greater than 60 (for both wildtype and vari-
ant). Loci with read depth below 30 in the tumour were
ignored.

Exome sequencing data from the patient revealed a
germline LoF mutation in MBD4 (p.Leu563Ter,
rs200758755). Subsequent Sanger sequencing confirmed the
MBD4 variant as heterozygous in the germline and homozy-
gous in the tumour, suggesting a loss of heterozygosity (LOH)
in the latter. Copy number analysis of the tumour confirmed
the FISH findings that chromosome 3, on which MBD4 is
located, was hemizygous and that there was a gain of chromo-
some 8. Additionally, the UM tumour had monosomy 13 and
partial 1p and Xp loss (Fig. S1). The tumour (00028-001-CL)
carried GNA1I p.Q209L and SF3B1 p.R625C hotspot muta-
tions and a BAPI p.D73Vfs*4 frameshift deletion (Table 1)
and exhibited a mutation burden of 2.52 exonic mutations per
Mb, > fivefold higher than the other 27 samples (average 0.45/
Mb, range 0.06—0.83/Mb), as previously reported (Johansson
etal. 2016). LoF mutations in MBD4 have been reported to be
associated with COSMIC mutation signature 1 (Waszak et al.
2017). Mutation signature analysis showed that mutations
were heavily dominated by signature 1 (cosine similarity
89%) and no other signature made a significant contribution.
Signature 1 has been proposed to reflect spontaneous deami-
nation of 5-methylcytosine (Alexandrov et al. 2013), which
results in CpG>TpG transitions, and as expected, the majority
of mutations (74%) were of this type. While no tissue from the
metastasis was available for immune reactivity profiling, we
obtained the primary UM and stained for CD3 (total tumour-
infiltrating lymphocytes (TILs)) and PD1. There was a mild
TIL count but no PD1-positive UM cells (Fig. S2).

Rodrigues and colleagues reported two UM, and here, we
report a third case, all with heterozygous germline LoF muta-
tions accompanied with somatic loss of MBD4. To further
examine how common MBD4 LoF mutations are in UM, we
explored publicly available sequence data (Furney et al. 2013;
Harbour et al. 2013; Martin et al. 2013). In the Harbour cohort,
we identified a frameshift deletion (p.Leud482Trpfs;
rs200758755) in MM138, which also had monosomy 3. Our
analysis demonstrated a high mutation burden, predominantly
from mutation signature 1 in MM138. Thus, in total, four UM
cases with LoF mutations in MBD4 have been identified from
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Table 1 Key somatic mutations in patient 00028-001. The variant allele frequencies (VAF) show that activating hotspot mutations in GNA// and
SF3B1 were heterozygous while the deletion in BAPI was hemizygous due to monosomy 3

Gene RefSeq Nucleotide change Amino Acid change Ref allele Var allele VAF germline VAF tumour
BAPI NM_004656 c.218_221del p.D73Vis*4 TCAT 0/98 19/19
GNAII NM_002067 C.626A>T p-Q209L A T 0/41 9/24
SF3B1 NM_012433 ¢.1873C>T p-R625C G A 0/21 32/64

161 that have undergone exome or genome sequencing
(Furney et al. 2013; Harbour et al. 2013; Johansson et al.
2016; Martin et al. 2013; Robertson et al. 2017; Rodrigues
et al. 2018), translating to a variant allele frequency (VAF)
of 1.24%. In comparison, the genome aggregation database
(http://gnomad.broadinstitute.org/gene/ENSG00000129071)
reports a total of 132 MBD4 LoF mutations in approximately
230,000 examined alleles (VAF = 5.7 x 10™%; odds ratio, 21.6;
Fisher’s exact test P< 5 x 10°) (Lek et al. 2016).

We describe a patient with metastatic UM that was treated
with a combination of CI and had an unexpected long period
of stable disease. Good response to CI is associated with high
somatic mutation burden, as more somatic mutations increase
the number of neoantigens formed and thereby the probability
for recognition by immune cells (Rizvi et al. 2015). The gen-
erally low mutation burden in UM probably contributes to the
lack of success with CI in metastatic UM, with median
progression-free survival less than 3 months and median over-
all survival between 8 and 13 months(Yang et al. 2018). In
comparison, the patient described here had prolonged stable
disease, stayed progression free for more than 10 months and
survived metastatic disease for more than 24 months. Exome
sequencing revealed an unusually high somatic mutation bur-
den, likely due to an MBD4 LoF mutation, in keeping with a
recent similar report (Rodrigues et al. 2018). MBD4 is in-
volved in base excision repair of mismatches arising from
spontaneous deamination of 5-methylcytosine, a mutation
process typically resulting in CpG>TpG base changes
(Hendrich et al. 1999). The majority (74%) of the somatic
mutations were CpG>TpG transitions, which further supports
the high mutation burden being caused by MBD4 loss.
Rodrigues and colleagues observed an even higher percentage
of CpG > TpG mutations (>91%) in a patient with germline
MBD4 LoF mutation, as well as higher mutation burden (>
19-fold compared with average). A comparably lower muta-
tion burden and less distinct CpG>TpG mutation profile ob-
served in the primary UM from our patient is consistent with
the hypothesis that the MBD4-related mutagenic process con-
tinues to cause somatic mutations during tumour progression.
These observations of increased mutation burden in UM pa-
tients with deficient MBD4 suggest that CI is potentially a
viable option, given that mutation burden correlates with re-
sponse rates to CI in other cancers (Rizvi et al. 2015). To date,
two UM patients with deleterious germline MBD4 variants are

known to have received CI, one who had complete response
(Rodrigues et al. 2018) and our patient who did not, suggest-
ing further investigations are required.

In total, four UM patients with MBD4 LoF mutations have
been reported, which corresponds to 2.5% of examined UM
patients or more than 20 times more frequent than in the gen-
eral population. This observation suggests that in addition to
its loss of function being associated with response to CI,
MBD4 is also a UM predisposition gene. Sequencing of a
large population-based series of UM patients is required to
more accurately determine the relative frequency of germline
MBD4 mutations in UM cases versus controls. These findings
together with those of Rodrigues and colleagues (Rodrigues
etal. 2018) provide a strong basis for the inclusion of germline
MBD4 variants in the screening of potential UM-prone fami-
lies as well as stratification for CI treatment in UM.

Sequence data has been deposited at the European Genome-
phenome Archive (EGA), which is hosted at the EBI and the
CRG, under accession number EGAS00001003362.
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