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Editorial
Do increased tumor infiltrating lymphocytes co-existing with
Homologous Recombination Deficiency provide clues to enhance
immunotherapy of ovarian cancer?
Not a week goes by without new publications on the benefit of im- prognostic factors such as stage, grade and histology although optimal

munotherapy to treat cancer, yet for ovarian cancer, a disease that con-
tinues to have a high mortality, the results of immunotherapy have so
far been disappointing. The initial preliminary report of the effect of
the PD1 Inhibitor, nivolumab in ovarian cancer was encouraging [1]
but it has been followed by a large number of phase I/II trials, and
more recently randomised phase III trials, some presented, but largely
unpublished -with disappointing results.Why is this so? To understand
this better, we need to study the biology of ovarian cancer more closely,
not only to identify biomarkers for response but to look at the interac-
tion of different biological processes within the tumor micro-
environment. There are good reasons to believe that at least some ovar-
ian cancers may benefit from immunotherapy and the design of future
trials needs to take account of factors likely to lead to a more positive
outcome. The presence of tumor-infiltrating lymphocytes (TILs) has
consistently been seen to confer a better prognosis [2] but there are
complex interactions within the tumor microenvironment among cells
and molecules that exert a negative effect, such as tumor-associated
macrophages (TAMs), CTLA4, LAG3, TIM3 etc [3]. A delicate interaction
of these factors may make a major contribution to the presence of ab-
sence of an immunologic effect on the tumor.

Clinical observations indicate that ovarian cancer patients with a
BRCA mutation have a higher survival rate, at least over the first few
years, and tumors in these patients have been found to have higher
numbers of immune cell infiltrates [4]. Survival differences conferred
by BRCA mutations were known before the advent of PARP inhibitors,
suggesting that there may be some relationship between immunity
and BRCA deficiency. The hallmark of BRCAmutations is impaired repair
of damaged DNA through a deficiency in homologous recombination
(HRD). This is now known to bemorewidespread in high grade ovarian
cancer, affecting about half of all tumors. Mutations in several other
genes in the HR pathway and hypermethylation of the BRCA1 promoter
may all contribute to the phenotype of HRD.Whether the association of
BRCA1/2 mutations and an increase in TILs extends to a broader group
of HRD positive tumors has remained an open question. This has been
addressed in the study reported by Morse et al. [5]. Do tumors with
HRD have an increase in immune cell infiltrates, and does an association
of these factors confer a better outcome? The group from University of
Washington studied 250 consecutive tumor bank samples taken from
patients undergoing primary surgery for ovarian cancer. HRD testing
using BROCA sequencing identified cases with a mutation in one of 12
HRR genes or promoter methylation of BRCA1 or RAD51C [6]. HRD
and non-HRD caseswerewell balancedwith respect to known common
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cytoreductionwas seen inmore of the HRD cases. Survival was superior
in HRD cases. An independent immunohistochemistry scoring mecha-
nism for CD3+ TIL cells and CD68 tissue-associated macrophages was
applied and a survival analysis demonstrated an improved survival for
HRD+ cases as well as CD3+ TIL high cases. Multivariate analysis dem-
onstrated that patients with HRD + and high CD3+ TIL scores had the
best outcome with a median overall survival of a 70.9 months in HRD
positive and CD3+ high cases and 35.8 months in non-HRD CD3+
low. There was no adverse effect on outcome seen with different levels
of TAMs, as measured by CD68+ scores. This study supports the find-
ings of smaller studies demonstrating an association between BRCAmu-
tation, TILs and outcome [4] but the current study is larger, broadens the
testing to include HRD and has demonstrated independent effects of
both HRD and CD3+ infiltration on outcome.

Two key questions arise from these findings. Firstly, is there a causal
mechanism betweenHRD and CD3+TILs that leads to an improved out-
come, and secondly can drugs that increase DNA damage stress re-
sponse, such as PARP inhibitors further increase the effect of HRD and
improve the immune microenvironment facilitating immunotherapeu-
tic targeting of tumors? It has been hypothesised that the best results of
immunotherapy are likely to occur in tumors with a high mutational
burden [7] and a more favorable prognosis is seen patients with
BRCA1/2 tumors with a higher neoantigen load, and this correlates
with the number of CD3+ and CD8+ TILs and PD-1/PDL-1 expression
[8]. The second issue, a mechanistic link between PARP inhibitors, the
presence of HRD and immunogenicity is harder to conceptualise. How-
ever, there is growing evidence that the action of PARP inhibitors inHRD
tumors leads to activation of the STING pathway, immune stimulation
and increase in PD1/PD-1 expression [9,10].

Clinical studies combining inhibitors of PARP and PD1/PDL-1 are
now being tested widely in the clinic. Preliminary non-randomised
data from the TOPACIO trial (niraparib/pembrolizumab) [11] and the
combination of durvalumab and olaparib [12] have demonstrated
higher response rates than one might have expected from either drug
alone in the population studied. The pharmaceutical industry in partic-
ular is anticipating that this combination will lead to a better outcome
than using immune checkpoint inhibitors alone andhavemoved rapidly
to conducting randomised studies in the first line setting. The stakes are
high, and one of the five trials has already been abandoned shortly after
starting, based on poor results of an immune checkpoint inhibitor alone
in first-line therapy. Neither this trial nor the current first-line studies
pay attention to the tumour micro-environment. It is here that we will
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learn more about which patients will or will not benefit from immuno-
therapy. PDL1 expression is just one factor; CD3+, CD8+ TIL is another
but the interaction of these with inhibitory factors, such as tissue mac-
rophages is still not well understood.
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