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Chapter 1: What Is Genetic Testing and Why Should I Use It? Identification of Patients Who Might Benefit from PARP Inhibitor Therapy Chapter 1: What Is Genetic Testing and Why Should I Use It? Identification of Patients Who Might Benefit from PARP Inhibitor Therapy  
Kathleen N. Moore, MD, MS:Kathleen N. Moore, MD, MS: 
Hello, and welcome to this educational activity titled Improving Interprofessional Management and Clinical Outcomes with PARP
Inhibitors for Advanced Ovarian Cancer: Cytogenetic Testing and PARP Inhibition for Maintenance Treatment.  

I'm Dr. Kathleen Moore. I’m the Virginia Kerley Cade Chair in Developmental Therapeutics and Associate Director of Cancer Research
and Director of the TSET Phase I Drug Development Unit at the Stephenson Cancer Center at the University of Oklahoma.  

Today, I'll be reviewing the role of genetic testing and identifying patients likely to benefit from first-line maintenance PARP inhibitor
therapy, updated clinical trial data surrounding PARP inhibitors as first-line maintenance therapy, and how the earlier introduction of
PARP inhibitors fits in the treatment paradigm of ovarian cancer and may benefit a greater number of patients than in the relapsed
setting.   

So, we're going to start with genetic testing, what is it and why you should use it and employ it for your patients with ovarian cancer.  

So, we're going to start off just with the guidelines. And unlike other solid tumors, where who should be tested can sometimes be a little
bit complex based on family history and ethnicity, amongst other things. For epithelial ovarian cancer, it's really pretty simple. If your
patient has epithelial ovarian cancer, she is eligible for genetic testing for not only BRCA1 and 2, but other high penetrance genes
associated with development of ovarian cancer and also potentially associated with better response to DNA damaging therapies, which
we'll talk about in a while such as PARP inhibitors or like carboplatin, for example.  

And so, all of the international guidelines agree on this. We want to offer germline testing to any patient with epithelial ovarian cancer,
again, BRCA1 and 2 are our most common genes, but we're also looking for other high penetrance genes such as PALB2, BRIP1,
RAD51C and D, and others. And even not so much the focus of today, but we're also looking for mismatch repair deficiency, which can
happen in a small number of patients.  

In the absence of finding a gene aberration associated with homologous recombination repair or DNA repair, then we want to look for
something called homologous recombination deficiency status. And that's a variety of terms for that. So, in BRCA wild-type, or BRCA-
negative tumors, we want to look for other reasons that that tumor might be vulnerable to therapies that target DNA, again, PARP
inhibitors and platinum, so that we can better identify those patients whose tumors would respond better to these therapies. And that's
what we'll spend a lot of time talking about today.  

So, why are we looking for this? Why are we looking to identify those tumors that have some inherent vulnerability to how they're able to
repair their DNA? Well, these are the tumors that are going to respond most robustly to DNA-damaging therapies. And again, we're
talking about PARP inhibitors here. And the poster child for these sort of inherent vulnerabilities are BRCA mutations, BRCA1 or
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BRCA2. So, this schema is really simplistic, but I think it serves a point, if you start in the upper left-hand side, you see the DNA. And
this is a single-strand break. And a lot of people really think that the only place that PARP protein, which is poly ADP-ribose polymerase,
acts is on single-strand breaks. That's actually not true, it acts on double-strand breaks and non-homologous end joining, but its main
function is to fix single-strand breaks. And so, PARP is recruited to the site of a single-strand break, it binds, and then it creates this
scaffold onto which DNA repair proteins collect so that they can fix the double-strand break. Now, before that happens, a PARP protein
has to dissociate from the damaged DNA for that DNA repair to happen.  

So, PARP inhibitors work in a couple of ways. And you can see the PARP inhibitor signified by the kind of orange blob attached to the
PARP protein. One, it inhibits the PARP inhibitor from creating the scaffold that allows the DNA proteins to come into repair. Two, some
PARP inhibitors can trap the PARP protein on the surface of the DNA damage, the site of the single-strand break. So, that's called
PARP trapping. And different PARP inhibitors have different degrees of PARP trapping. But the more PARP trapping it has, actually the
more potent the PARP inhibitor is, because that PARP protein can't dissociate from that site of single-strand break, and that leads to the
double-strand breaks, if we move from left to right on this slide, that can occur with unrepaired single-strand breaks.  

So, in a setting of a tumor that has this inherent vulnerability to how it fixes its double-strand breaks – again, the poster child is BRCA,
where they've lost that BRCA protein that's key for double-strand breaks, but there are other reasons a tumor is vulnerable – once
you've gotten to this point, it can't fix itself. It doesn't have enough compensatory DNA repair mechanisms to fix the cell and it will die.
But in a cell that's really good at fixing its DNA, and we call these homologous recombination proficient tumors, this is where PARP
inhibitors, at least alone, don't really work because you can cause this damage, but the cell has so much collateral repair mechanism
that it just repairs and keeps on going. And so, these HRD assays that we'll talk about, try to help us identify those tumors that have that
vulnerability to how they fix their DNA, so that you can apply PARP inhibitors in the setting where the patient's going to benefit the
most.  

So, who should be treated with PARP inhibitors? The easy 100% answer is any patient with a BRCA alteration either germline or
somatic, meaning they weren't born with it, but it's in the tumor. This makes up about 20 to 24% of high-grade serous ovarian cancer,
have some sort of BRCA 1 or 2, germline or somatic mutation. For these patients, the standard of care is treatment with combination of
surgery and platinum-based chemotherapy, and at the time of response, maintenance with a PARP inhibitor for 2 years. And we'll show
some of the data as to why that is the standard of care. There's really not an alternative unless a patient chooses not to have this. So,
this is for BRCA, 20% and 25%. No brainer, 100% should be offered a PARP.  

What about everyone else? It's only 20-ish%. But the other 80% that don't have a BRCA mutation? Well, this is where understanding
what those other vulnerabilities are that would render a tumor sensitive to PARP really come into play.  

And this figure here is an old figure, this pie graph that was made by the brilliant Dr. Panos Konstantinopoulos, and we all still use it
because it really does illustrate the kind of different populations of tumors all within the rubric of high-grade serous. If you start on the
upper right-hand side of this pie graph, you'll see the BRCA mutations that we already talked about, about 20%, and that's in black. In
orange, you'll see some other genes that are associated with DNA repair or HRR, or homologous recombination repair, that if you have
one of these gene mutations, we do think that tumor is more vulnerable and may be more responsive to PARP inhibition. In pink, you
can see the altered homologous recombination repair gene expression findings. And this is really important, because about 10% of
patients with high-grade serous ovarian cancer will have BRCA1 promoter methylation – and we actually even see RAD51C promoter
methylation now, it's only 2% – 10% BRCA1 promoter methylation. So, the gene’s totally normal, somatic or germline, but the promoter’s
methylated, and so, they don't transcribe the protein. So, it's just like having a BRCA mutation. And these tumors respond incredibly
well to PARP inhibitor. And while we can't really test for these promoter methylations commercially right now, they do fall into these
homologous recombination or homologous recombination deficiency assays, so they are included there. So, we do pick them up
indirectly there.  

Now, on the other side of the pie, like from 6 to 12 o'clock in orange, you see the tumors that don't entirely not respond to PARP, but
they don't respond as well. And the reasons for this, and really the reasons they have poor prognosis and poor response even to
platinum-based therapy are varied and we're trying to understand that so we can develop better therapies for them. This is where you
see a lot of your cyclin E1 amplifications MYC amplifications, and other abnormalities that render these tumors quite a bit more resistant
to PARP inhibitors, not entirely, but quite a bit more. We need to look for better things here in this population.  

There are a couple of different ways outside of BRCA. So, BRCA, we test for. Okay, tumor doesn't have BRCA, then how do you
identify these tumors that are vulnerable to therapeutics that target DNA? Well, there's two, kind of, routes. On the left, you can see
homologous recombination repair gene panel testing. So, you're looking for BRIP1, PALB2, RAD51C, you know, all these genes that
might be associated with loss of homologous recombination repair proficiency. So, that's sort of looking for the cause, like you say,
okay, I found a BRIP1, that must mean I have loss of HR – homologous recombination proficiency – versus looking for the effect of loss
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of homologous recombination proficiency. So, there's these scars or tattoos that you can detect in the DNA that say, at some point in
this tumor’s natural history, it struggled to fix its DNA. It doesn't tell you what that vulnerability was, like what that mechanism was, just
that at some point, and even still currently it struggles to fix its DNA.  

And that's where you have these genomic instability score tests that are FDA approved and in use. Neither are perfect, neither are bad.
We think the HRD genomic instability testing probably has more evidence behind it. And that's why really, it's the preference amongst
clinical trials, where we’re trying to identify the tumors that are most likely to benefit from PARP inhibitors. When we think about sort of
the positive and negative of these genomic instability scores, and again, in the United States, there are two FDA approved tests for this.
One is the Myriad test and the other is Foundation, F1. They're different; they overlap, but they are different. And then basically, every
other commercially available next gen sequencing assay has some version of their LOH or HRD test. But only two FDA approved in the
U.S. at this time.  

And so how are they scored? I'm showing you just the Myriad MyChoice test here. So, you’ve done your germline testing, it’s germline
wild-type, so you say, okay, now I'm going to send my tumor off for testing. If the tumor has a BRCA mutation, or even if you start with
the tumor, and then you have to figure out if it's germline or not, but you send the tumor, and it has a tumor BRCA mutation, that is
automatically characterized as homologous recombination deficient, irrespective of the score that might be generated from the genomic
instability test. By virtue of the fact that there's a BRCA, it's automatically called genomically unstable. If there's no BRCA mutation, then
it has to have a score of 42 or greater to be determined HRD. For BRCA wild-type with a score less than 42, this is called HRD test-
negative. And this is probably the more commonly used assay in clinical trials thus far. So, there's the most sort of data that we can look
at surrounding this. So, I'm going to show you most of that today.  

Now, the test isn't perfect, but it's pretty good and it's pretty consistent. So, what I'm showing you here are two frontline clinical trials that
we'll talk more about in a little while. On the left-hand side is PAOLA-1, which was a clinical trial of olaparib, PARP inhibitor olaparib,
plus bevacizumab for maintenance, versus bevacizumab maintenance in frontline. And on the right is PRIMA, which was a trial of
niraparib, which is a PARP inhibitor, versus placebo maintenance. And they have used the Myriad test to characterize the tumors of the
patients who participated. And the point here is just really to give you a sense of what we find: A) it's very consistent across different
populations, and B) you know, consistent between studies but also you can kind of see the distribution of molecular subtypes for at least
high-grade serous, high-grade endometrioid ovarian cancer.  

These two studies were enriched for BRCA, because this was being done at a time when PARP inhibitors were not FDA approved yet
for frontline use. And so, patients that knew they had a BRCA mutation came on at a higher percentage than we see in the general
population. So, almost 30% of the participants on both of these studies had a tumor BRCA mutation. Total HRD-positive was right about
50% in both studies, so that leaves us about 20% of patients had tumors that are characterized as BRCA wild-type, but homologous
recombination deficient. And then the remainder are either homologous recombination deficiency test-negative, and that's about 35%,
very consistent in both studies. And then you have test failures. You know, sometimes the tumor is just too necrotic or there's no tumor
on the slide, or for whatever reason, technicalities, the test can't be run, this has been around about 15% across the board, but then you
have to make a decision about what to do without this data. And this has been very consistent. So, this is kind of what you could expect
to see, for example, probably a little less BRCA, depending on what part of the country you're in. But this 20% BRCA wild-type HRD
has been pretty consistent across the board, and I think you can expect to see this your practices.  

So why do we do this testing? Well, the testing for HRD has been helpful in telling us the magnitude of benefit one could expect from use
of PARP inhibitor in the maintenance setting in the frontline. So, in the top half of this slide is PAOLA-1, which again, was
olaparib/bevacizumab versus bevacizumab for maintenance. So, all of these medians start after chemo, just to sort of level set. Then
the bottom is PRIMA, which was niraparib versus placebo. So, you can see on the top bars for both of these are HRD-positive, inclusive
of BRCA, which was a third, so pretty good fraction in both of those with hazard ratios of 0.3 and 0.4. So, like 60 to 70% reduction in the
hazard of progression in these populations. When you just pull out the BRCA wild-type HRD-positive group, which is about 20% of the
population, the hazard ratio and this is a subset, just to let you know, but the hazard ratio has been pretty consistent, 0.4 to 0.5. So, be
conservative, about a 50% reduction in hazard progression for use of a PARP versus placebo as maintenance in BRCA wild-type
HRD.  

I would say there's clinical equipoise in a lot of places, but where there's a lot of clinical equipoise is in these HRD test-negative tumors.
In PAOLA, when you did olaparib/bev versus bev, and this is a subset, so non-analytic, but there wasn't really a signal that they were
any different, that the PARP added anything, hazard ratio of 0.92. But in PRIMA, and actually in subsequent studies, there's a study
called ATHENA, which I don't have time to tell you a lot today about, but it was rucaparib versus placebo, you see very similar hazard
ratio in this HRD test-negative group of like 0.68, so like a 32 to 35% reduction in hazard of progression with use of a PARP versus
placebo in this biomarker-negative population. And so, why that is, is a little bit controversial because we don't really know, probably
just has to do with the assay having a single cut point categorizing a continuous variable as positive and negative. So, you probably
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have some tumors in the HRD-negative who have some inherent vulnerability that we're not picking up by this test. But there may be
other reasons as well. So, this is really why, at least for niraparib, there's an all-comers indication, because all three biomarkers,
although there's a gradation of benefit, of course most in the BRCA and on down, no group that didn't benefit. And so, it remains an
option for all of our patients. Whereas in PAOLA, the FDA approval is only in HRD, either BRCA or non-BRCA. But in the HRD test-
negative group olaparib plus bevacizumab is not approved. And we'll talk about that a little bit more.  

Chapter 2: Where Do PARP Inhibitors Fit in the Treatment Paradigm of Ovarian Cancer? Practical StrategiesChapter 2: Where Do PARP Inhibitors Fit in the Treatment Paradigm of Ovarian Cancer? Practical Strategies 
So, kind of moving forward a little bit to where do PARP inhibitors fit in in the treatment paradigm of ovarian cancer?  

Just to remind the audience, although I think you all know this, ovarian cancer is not super common in terms of new diagnoses. We
have about 300,000 new cases globally, about 20,000 in the U.S. but 300,000 globally. And even though there's been a lot of work and
continues to be a lot of work to try and screen and early diagnose ovarian cancer, we've not done it yet. And so, most patients because
of that will present with advanced disease. And I'm going to show you some exceptions to the statement in a moment.  

But for non-BRCA, and even some BRCA, the expectation unfortunately is our patients will recur. And by 3 years, about 70 to 80% of
our patients have already recurred. Now, we have a lot of treatments and better supportive care, and other reasons that our patients are
living longer than they ever have in the past. But they're living with disease, in large part, because once recurred, we can no longer
cure. And we still are sitting right about 50% 5-year survival. That may be changing for BRCA, and I'll show you this. And we'll see if
BRCA wild-type HRD changes a little bit, but we're still sitting about 50% 5-year survival. So, lots of work still needs to be done.  

Just for those of you that don't maybe take care of a lot of patients with ovarian cancer, this is really, unfortunately, what we expect. This
is the natural history for a patient with ovarian cancer. If you start on the left-hand side of this graphic, because we just don't screen – not
that we don't, we just can't screen – patients present usually with a lot of disease. Their CA-125s are very elevated, they have a lot of
cancer. But at least in the state of high-grade serous or high-grade endometrioid, these tumors tend to be exquisitely chemo sensitive.
And so, combination of surgery and platinum-based chemotherapy usually renders our patients to a state of what we call no evidence of
disease after six or eight cycles of chemo. And before maintenance, we would stop and we would just monitor patients actively. But the
expectation was that they would recur.  

Now, with maintenance we probably are curing more, and I'll talk to you about that in a moment. But for most, we're pushing out that
time to recurrence, an appreciable amount, but we are still seeing recurrences. And then recurrences occur, usually, sometimes years
later, 1, 2 years later, patients will have symptoms, CA-125 bumps, and we retreat with platinum-based therapies. And we retreat with
platinums really until platinums stop working or patients develop allergies to platinum. And then we switch to non-platinum agents once
tumors become resistant to platinum. And really, without some extraordinary clinical trial interventions, every line of therapy, the
duration of benefit is shorter, the amount of disease you're starting with is greater, symptoms are greater, cumulative toxicity, really until
such point that most of our patients have so much intraabdominal disease that they have carcinomatous ileus, and they just die of
starvation. It’s a terrible end. And so really anything we can do to not have our patients enter that hamster wheel of treatments is better.
And we're working on that.  

So again, until we can screen, which is the penultimate goal, any improvements in converting patients into that cure fraction in the
frontline really are our best opportunities for long-term survival and keeping our patients out of that natural history that I talked about.  

Now, I'm not going to focus too much on surgery. This is, I think, one of two slides I'm going to show you. Timing of surgery, either at the
beginning or interval with a neoadjuvant, still remains very controversial, although we have done quite a few clinical trials in highly
selected populations. So, there's one clinical trial still pending, called the U.S. TRUST study, that I think will be definitive one way or the
other for us. So, there's still equipoise here, but I would encourage you to make sure that you, if you're a medical oncologist, which we
desperately need you, to really make sure that you are buddies with a high-volume ovarian cancer surgeon. And I do say high-volume
purposefully, because I am one of those people that believes if you can operate at the beginning and have achieved no gross residual,
which requires a high-volume surgeon, you do set that patient up a lot better for response to chemotherapy and potentially response to
platinum. And I'll show you why I believe that in the next slide. If you cannot render that patient no gross residual, which we can figure
out before putting a big midline incision on patients now pretty well, then they should have neoadjuvant chemotherapy, it is safer. And
there is no benefit to doing the surgery if you leave any residual disease. But it is still very important to consider a primary cytoreduction
for the reason I'm showing you here. This is one of a billion slides I could show you. But for those patients that are rendered no gross
residual the 5-year survival rate is multiple logs better than any residual disease. And so, you really want to make sure we're identifying
those patients who should get primary cytoreduction and getting them to a high-volume surgeon if we can.  

Why do I believe that? I think everyone sort of knows this idea that if you can surgically, and with chemotherapy, cytoreduce the amount
of tumor that's there so you're exposing the least number of tumor cells possible first to the chemotherapy and then to the maintenance,
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you actually have a shot at hitting this like idea of minimal residual disease. And that's the group of patients we probably can convert to
cure. And why is that? Because once a tumor has been exposed to chemotherapy when there's a lot of it, you start to develop these
heterogeneous clones. And we are seeing data start to emerge. It's very much like TRACERx in lung, we're seeing this out of Dr.
Elizabeth Christie's lab in London and others where they're tracking these tumor heterogeneity over time with exposure to therapies.
And it's humbling how quickly these tumor cells develop heterogeneity. And once they're clonally heterogeneous, again, we can treat
them, but we can't cure them. So, if we can really get these patients cytoreduced, on to chemo, and then on the PARP as appropriate,
and target this MRD, this is probably the group that we can cure. And I'll show you some evidence where I think this may be true. If we
can't do this, then we need to do it safest, and neoadjuvant with interval surgery is the way to go. That's all I'm going to say about
surgery.  

From a therapeutic standpoint, we made a lot of progress. It's taken us 20 years or more, but as a fellow in 2003 it was chemo. That's
all we thought about. You just gave paclitaxel and carboplatin. And that's what we did. And sometimes we did three chemos instead of
two chemos, like that was how novel we were. And that didn't cure anyone. In 2011, we entered the bevacizumab era. And
bevacizumab is a great medication for ovarian cancer in a lot of different lines of therapy. It's very important, but it's not curing more
patients and it does not impact overall survival. So, we have to say that while it still is a big part of our armamentarium it didn't really
move the chains for our patients appreciably until 2018, when the first frontline studies with PARP inhibitors started to report out. And
then even subsequent to that, as we've seen overall survival start to emerge, we are getting the first sense that we are curing more
patients finally mainly in a biomarker population. And I'll show you that. 

PARP inhibitors have been tested in every line of therapy. On the right-hand side of the slide, you see PARP as treatment, so instead of
chemo, mainly in the recurrent setting, not as maintenance, you're just using it instead of chemo. This is really where a lot of our studies
started. And then on maintenance, on the left-hand side of the slide, frontline maintenance, platinum-sensitive recurrent maintenance.
So many interesting and nuanced studies. We do not have time to go through them all.  

I'm going to focus on the frontline today and really not even take you through all the studies but just a few to give you a flavor of where
we are.  

Before I get into the data from SOLO1, I want to reiterate why I'm talking just about frontline in this presentation today. And really, the
reason is because A) that's really where all of the indications still are, so this is the place where almost all of our patients can still access
PARP inhibitors because of the retractions and later lines of therapy. But, B) it’s also the most efficacious place to use PARP inhibitors
and I kind of want to show you why I think that is. There's a couple of slides to this point. This slide I really like to show. This is from
SOLO1, which I'm going to show you SOLO1 in a moment, but just to remind you, SOLO1 was a randomized phase 3 study only for
patients with BRCA-associated cancers, they had to be in response to their chemo, and then randomized to olaparib or placebo. This is
the placebo curve that I am showing you. And SOLO1 was a very interesting population in that they were – you know, every advanced
ovarian cancer is high risk, there's no such thing as low-risk advanced ovarian cancer, but they were on the lower risk of things, mostly
stage 3, mostly primary cytoreduction, showed no gross residual, and BRCA. So, kind of the best prognostic group of patients you could
ever hope to study on a clinical trial of ovarian cancer. And there was this mythology around them at the time that SOLO1 embarked,
which was again in 2013, that so many of these patients were cured with chemo alone, that we were overtreating them. And so, this is
what I show just to show you how high risk even this population is: by 6 months, 20% of my patients on placebo had recurred, primary
platinum-resistant disease, all of these patients had BRCA. And we presented this at 41 months, by that point, 55% had recurred. So,
they're going to live a long time, usually, because they're BRCA, but they're not curable anymore. And at 41 months, only 25% were still
without recurrence, and that sits about 20% now at 7 years. So, that's your cure fraction for lower advanced-risk BRCA, 20%, that's the
best you get. So, we have a long way to go.  

And then on this slide is really where I kind of want to convince you that frontline is the place where we get the most benefit from a PARP
inhibitor. I'm showing you on the right, SOLO2, which was platinum-sensitive recurrent disease, had to respond to their platinum, and
then they were randomized to olaparib or placebo, all BRCA. And then SOLO1 is on the left, which I just told you about. Both of these
have a hazard ratio of 0.3. And so, I remember hearing people say, “Well, the hazard ratio is the same if I use it in frontline or platinum-
sensitive recurrent, so I'll just wait and see if I need it, and I'll use it in the second line because I have the same amount of benefit.” And
it is true that the hazard ratios are the same, but I hope what I'm convincing you with this slide is that a hazard ratio of 0.3, which is
phenomenal by the way, is very different in a recurrent setting versus a frontline setting in terms of the magnitude of benefit that you're
obtaining. In SOLO2, you gained over a year, which is amazing. But why is that? Well, that's because the control arm in platinum-
sensitive recurrent disease does very poorly when you stop chemo, 5.5 months is the median, versus frontline where I improve
progression-free survival by 42 months, actually more than that on final analysis. And that's with the control arm progression-free
survival that was about 13 to 14 months. And the other thing is that in the frontline, you can see that plateau, those curves are not
coming back together, like a banana. We see that with bevacizumab, when you withdraw the drug, the curves come back together.
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These patients stopped treatment at 2 years. And the curves are relatively flat because we have cured more patients with that 2 years
of olaparib. And you don't have the opportunity for cure in the recurrent setting. So, frontline is where you want to use it and you don't
want to miss the opportunity to treat patients in this setting.  

Chapter 3: Clinical Data for PARP Inhibitors as Maintenance Therapy for Newly-Diagnosed Advanced Ovarian CancerChapter 3: Clinical Data for PARP Inhibitors as Maintenance Therapy for Newly-Diagnosed Advanced Ovarian Cancer 
I'm going to take us through a few just to give you a flavor of the benefit of PARP inhibitor. And as promised, I'm going to come back to
SOLO1. 

So, this is just a kind of more detailed view of the slide I showed with the kind of progress over the last 20 years with the PARP slides
sort of populated with the studies that have been done in the frontline. 

So, SOLO1, as I've already talked to you about, was the first study done in the frontline, started in 2013, only enrolled patients with
BRCA, stage 3 or 4, they had to have surgery, and they had to have to responded to platinum-based chemotherapy, and then
randomized 2:1 to olaparib or placebo. And the primary objective was investigator assessed progression-free survival, and you can see
the secondary efficacy endpoints. This is the risk of reduction for progression when we first presented the data.  

Now, when we presented this in 2018, you can see here, this is with 41 months of follow-up, the hazard ratio again is 0.3 and you can
see the 2-year treatment cap after which assigned therapy is discontinued, and really the plateauing of those curves. And at 3 years, we
had 60 versus 27% of patients alive and without progression, which was fairly remarkable at the time. And again, I'll point out that these
curves are not coming back together, we do not see a banana sign in terms of the progression-free survival curve.  

And this held as we continued to follow these patients. This is the report out to now 60 months, where we're sitting at 48% versus 21%
of patients who are progression free. And you can still see that 2-year treatment cap there. All of these patients have been off therapy at
this point now for 3 years, 21% on placebo, so there's your cure fraction, at least at 5 years, and we're rescuing about 27% more with
olaparib.  

Now, we have demonstrated some early signals of overall survival. It's not quite mature yet from SOLO1. But we have we relooked at
the progression-free survival in SOLO1 at 7 years, and we're still sitting right about the same.  

And so, it looks like we've converted from a cure fraction of about 20% for placebo, up to 45% at 7 years, most of those patients are
likely cured. And so, I do think we are making an impact in overall survival, but really in a biomarker selected population.  

And so, the next question would be, what about everyone else? What about patients that don't have BRCA? Well, the first study, there's
a couple I'm going to show you that we're going to talk about, is PAOLA-1, which I've already mentioned once. This is a study where
everybody gets chemo plus bevacizumab, and then at the conclusion of chemo and bevacizumab, once you're in response, patients
were randomized 2:1 to layer on olaparib, again for 2 years versus just continuing with bevacizumab for maintenance. And the primary
endpoint was progression-free survival in the intention-to-treat arm, in the entire arm. And this study was stratified by BRCA, but the
primary endpoint was just in the intention-to-treat arm.  

And they met that. So, here is the intention-to-treat arm. Olaparib/bevacizumab versus bevacizumab with a hazard ratio of 0.59. So,
41% reduction in the hazard of progression or death with use of olaparib and bev, versus bev, which is a great primary endpoint. But we
would all design the study differently now if we could. And it's hard to interpret this study with what we now know is a missing arm, which
is olaparib alone. So, do you need the bevacizumab with the olaparib? Or do you just need the olaparib? We just don't really know. And
so, that is the limitation to this study.  

Now, they did show us some subset analyses from PAOLA-1. I will remind you that these are non-analytic. The analytic endpoint was in
the intention-to-treat arm but these are in some exploratory subsets you can think about. On the left-hand side is the HRD-positive
subset, and on the right-hand side is just the tumor BRCA-positive. And if you remember from the earlier pie charts I showed you, 30%
of the patients on PAOLA were BRCA and 50% were HRD-positive. So, this HRD-positive subset is largely influenced by BRCA, and
you can see the hazard ratio is 0.33 really in both arms, just reinforcing the power of olaparib. But again, we asked the question of do
you need the bevacizumab or not, which we really can't answer.  

Now, they have shown updated progression-free survival data from PAOLA in the HRD-positive population, again, largely driven by
BRCA. But you can see here, it looks very similar to what I showed you at 5 years with SOLO1. You have about 19% of patients who
have not recurred on that bevacizumab/placebo arm. Bevacizumab was only given for 15 cycles, so they've been long off of this, versus
the olaparib arm where you're sitting at 46%. Very similar to what we saw with SOLO1, and so it reinforces the power of PARP inhibitor
in this population.  

As I've already discussed once, there was no signal of benefit, albeit in a non-analytic subgroup of olaparib/bevacizumab versus
bevacizumab, in the HRD test-negative population. This somewhat a little controversially, because it wasn't an analytic endpoint, but did
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influence the regulatory agencies to say, “Well, you can't use this regimen in an HRD test-negative population,” so the PAOLA regimen
is only approved in HRD-positive tumors, either BRCA or BRCA wild-type HRD, but not in HRD test-negative population.  

And so, moving forward, I also already mentioned the PRIMA study to you. So, I want to talk about that now, because it's a very similar
but a different study. PRIMA is niraparib, and it enrolled patients with advanced ovarian cancer, all-comers who were in response to
their primary chemotherapy, and then they were randomized 2:1 just like the others, to niraparib or placebo. Initially, it was for 3 years
and then they adjusted it throughout the study to be as long as the investigator wanted to treat. So, this one does not have a predefined
endpoint to the length duration of therapy. But PRIMA is unique in that it enrolled purposefully a population of patients at very high
clinical risk for progression, and so almost 70% of the participants were those dispositioned to neoadjuvant chemotherapy, almost 40%
were stage 4, 35% came on to the study with a partial response as opposed to a complete response. So, a clinically very high-risk group
that were then randomized to niraparib or placebo. The primary endpoint is progression-free survival, first in the HRD test-positive
group. And then if that's positive, they looked at the intention-to-treat population. And then there's a lot of subsets that we could look at
as well.  

So, this is the primary endpoint in the overall population. This is the intention-to-treat population. And you can see that at every
timepoint, at every benchmark, use of niraparib is superior to placebo. And so, it did meet its primary endpoint in the intention-to-treat
group. 

But then here is the HRD-positive population. These are the two primary endpoints for PRIMA. And in the HRD-positive population, you
can see a hazard ratio of 0.5. And I'll remind you that that's really what we saw in PAOLA in that HRD-positive population as well. So,
this is a consistent signal than what has been seen in basically every trial of PARP inhibitor in the frontline. And I'll remind you that this
does include patients with BRCA-associated cancers, as well as BRCA wild-type in this HRD group.  

Now, just like the other studies, we saw subset analyses, and I don't have time to show all of them to you, but I want to show you one
that's very different than PAOLA, and that is the HRD test-negative population, which I'm showing you here. Here, this is niraparib
versus placebo, so not versus bevacizumab. And we do see a statistically and, many would argue, clinically relevant improvement in the
progression-free survival with a hazard ratio of 0.65, so a 35% reduction in the hazard of progression or death with use of niraparib, as
opposed to placebo in this population. And this is why when the regulatory authorities looked at PRIMA, they awarded an all-comer
indication for niraparib, because even though the magnitude of benefit is nowhere near as high as the HRD subset, fully powered
cohort, it's not negative, there is a benefit here. And so, the HRD test didn’t tell you who shouldn't receive niraparib, and so it is an
option for patients with HRD test-negative tumors who were in response to their frontline chemotherapy.  

And we don't have time to talk about some of the other studies such as ATHENA, but they're all very consistent. Very consistent hazard
ratios and efficacy across subgroups. So, this isn't sort of a one-off, this really is, I think, consistent across the board.  

And so, you might be asking, well what's the next big thing? Well, I don't know yet. But it might be immunotherapy, but also might not
be, we don't know yet. There’s 4 studies which I'll outline in a few slides for you. This was the first to report, DUO-O, which tried to add
immune checkpoint inhibitors to this backbone of bevacizumab and PARP inhibitor. DUO-O, though, was distinct, so you have to really
think about it a little bit differently than the other data I've shown you. And it's going to be distinct from the studies that are going to result
out in 2024, in that this is only focused on BRCA wild-type. There are no patients with BRCA on this particular analysis, so already your
curves are going to look different and your hazard ratios to PARP inhibitor are going to look different, so keep that in mind. But this was
really a study of chemotherapy and bevacizumab, bevacizumab maintenance, that's arm 1 in blue. Chemotherapy, bevacizumab,
durvalumab, durvalumab/bevacizumab maintenance that's green. And then in orange, chemotherapy, bevacizumab, durvalumab,
followed by the triplet maintenance, bevacizumab, durvalumab, olaparib. The primary endpoint that was presented thus far is the orange
box versus the blue box, arm 3 versus arm 1. That was the statistical analysis, triplet versus singlet of bevacizumab. So, you can
already see why we have the missing arm, we have this continuing saga, unfortunately, of the missing arm because we want to know
what olaparib/bevacizumab would have done, and that arm just isn't here.  

But, be that as it may, we have some results that I can show you. Here is and it was done in HRD-positive and then ITT; those are the
two primary endpoints. So, here's HRD-positive. Remember, this is BRCA wild-type. So, no BRCA here. And it includes the time on
chemo. So, it's a totally different start point for these curves than everything else I have shown you. But it's positive. So, olaparib,
bevacizumab, durvalumab looks better than bevacizumab maintenance. That is clear. You know, our hazard ratio is 0.49, so a 51%
reduction in the hazard of progression with triplet versus singlet.  

So that was positive, so then they moved to the intention-to-treat population, all-comers, all BRCA wild-type. And again, hazard ratio is
0.63, so that looks pretty good as well. 

Here, what I'm showing you is that same slide, the progression-free survival in the intention-to-treat population, but we layered in that
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arm 2, which is the durvalumab/bevacizumab arm as compared to both. But what you can see here is that there's no statistical or really
clinical improvement in the progression-free survival with the addition of durvalumab to bevacizumab, which shouldn't come as a
surprise. We did an entire clinical trial called IMagyn050, which was atezolizumab/bevacizumab versus bevacizumab, and that was not
statistically significant either. So, we shouldn't be surprised about this finding. The question really is with this study is: What's the
benefit? What's the add-on of durvalumab to the olaparib in arm 3? And that's really what we can't answer because of the missing arm,
which is a little frustrating.  

I'm going to show you the subgroup analysis of progression-free survival by HRD status. So, on the left, again, BRCA wild-type, the
HRD-positive, this is that 20% of the pie I talked to you about earlier, but again starting during chemo, not after, so it is a different
population. And you can see here, the hazard ratio for arm 1 versus arm 3 is 0.51, which is about what you would expect for PARP, bev
versus bev, that's just like what we saw with PAOLA, very similar hazard ratio. And then on the right-hand side, you can see the HRD
test-negative group where surprisingly, arm 3 versus arm 1, you see a benefit of 0.68. But I'll remind you, this is not an analytic
subgroup and so, this is hypothesis-generating only and I'll show you what I mean that in a moment.  

So, how do we interpret DUO-O? Because we were all waiting for this, will immune checkpoint inhibitors be transformative in frontline
ovarian cancer? And unfortunately, this study has more questions than answers. So, you might compare like I just did, DUO-O to
PAOLA, because PAOLA is bevacizumab/olaparib, and DUO-O is also olaparib/bevacizumab with durva. So, let's do it. Let's just do
some cross-trial comparison, and we'll just own that we're doing it. So, you might be tempted to put these two progression-free survival
curves up next to each other. And you might be tempted to say, alright, well, at 24 months in DUO-O, the percentage of patients on the
triplet who hadn't recurred is 70%, versus only 52% on the PAOLA arm, so even though it’s cross-trial comparison, I'm tempted to say
this is superior, that the durva must have done something.  

But what we have to remember is that these timepoints for this curve start differently. DUO-O starts with chemo, and PAOLA starts at
the end of chemo. And so, if you correct that survival curve for PAOLA, 24 months in DUO-O equals about 18 months-ish on PAOLA,
adjusting for that time on chemo. And then the percentage of patients who haven't recurred looks about the same, roughly. So, you can't
really say that you have a sense that the durva is adding something here.  

Similarly, let's just look at the HRD test-negative population in DUO-O, which was non-analytic, just like it was in PAOLA, so putting up
two non-analytic inputs. And again, you might be tempted to say, well, at 24 months, 40% of the patients on DUO-O who were HRD test-
negative didn't have recurrence. And at 24 months on PAOLA it was a lot less than that. If you do that correction, you're sitting right
about 50%. But the true truth is, it might be true that the durva adds something here and that it's important or it might not be. These are
non-analytic endpoints, we cannot make statements about either one of these two studies in this subset, because they're both non-
analytic endpoints, one may be true and one is false. And until we do a fully powered trial in this population, testing a hypothesis, we will
not know what the truth is. And so, that's what I'd say; it may be true, it may not be true. Unfortunately, we cannot tell based on this.  

And so, for now, our addition of a checkpoint inhibitor to frontline chemotherapy is going to have to wait for some of these other studies
to read out, first ATHENA-COMBO or KEYLYNK, which are all combinations; two of them have bevacizumab, one does not, but all
PARP immune checkpoint inhibitor combinations. But I will caution you, these are not 3 versions of the same study; they're all different.
They have different endpoints, they have different biomarkers, and different stratification; some are biomarker powered around the IO,
some are around HRD. And so, they're very different studies. And I think we're going to have to wait for each one of them to read out in
their specific population with their specific endpoint to really make any definitive statements about whether or not checkpoint inhibitor
has a role for frontline ovarian cancer or not. Fortunately, these should read out this year, and we may have an answer. 

And so, this is circling back to the data that we have, if we look at PAOLA, PRIMA, and, here will be our one little reference to ATHENA-
MONO with rucaparib, which is a very important study, and it is NCCN listed, but just not FDA approved as of this point. But very
consistent data. But these are all a little different. PAOLA was a much smaller study, it had an intention-to-treat population was its
primary endpoint. And PRIMA, it was progression-free survival for HRD and then ITT. And ATHENA was the same but had a different
biomarker for HRD here, the FoundationOne test. So, even though I had said these results are all very consistent, they’re different
studies, they do have to be looked at in the context of each individual study and each individual population, because they're a little bit
different.  

Even though I've said that, I'm showing you the results that are all relatively consistent, here's the patient population that are HRD-
positive in each of these studies. Again, just reminding you that HRD does include the BRCA population as well as HRD test-negative,
and so these hazard ratios are in like 0.4 to 0.5 range, very striking and justifies use of PARP inhibitor in this population.  

And then here's the HRD test-negative population, PAOLA on the left with no benefit, and we do not have an indication here. But PRIMA
and ATHENA – so, I'm glad to show ATHENA here just to show the consistency of that PRIMA signal, it's really similar, 0.68 and 0.65
are the PRIMA and ATHENA hazard ratios, respectively. And so, these do show a consistent, not modest, but it’s clinically and
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statistically relevant improvement in progression-free survival with use of PARP in this biomarker-negative population. And I say
statistically which I shouldn't have, because it's non-analytic. So, clinically relevant, consistent signal in both populations, which justifies
the all-comer indication for PRIMA. And we'll see what happens with rucaparib over time.  

Chapter 4: PARP Inhibitors as Maintenance Therapy and Treatment for Relapsed/Recurrent Advanced Ovarian CancerChapter 4: PARP Inhibitors as Maintenance Therapy and Treatment for Relapsed/Recurrent Advanced Ovarian Cancer 
There have been many studies of platinum-sensitive recurrence and platinum-resistant recurrence, where we've used PARP inhibitors
either as maintenance or as treatment instead of chemotherapy. 

Now I showed you this at the beginning, I focused on frontline on the right-hand side, and when we use it as treatment, we're mainly in
biomarker selected populations such as BRCA. And all of this was done, I'll remind you, in a BRCA or in a PARP inhibitor-naive setting.
So, if we were in the platinum-sensitive or the platinum-resistant setting, these patients had not seen prior PARP inhibitor. And these
studies were all very positive.  

And so, these are just the results of PARP inhibitor treatment clinical trials in the platinum-sensitive maintenance. Study 19 is a phase 2
very important study, SOLO2, NOVA, and ARIEL were all phase 3s, and you can see the very strong signals of benefit in terms of
progression-free survival, hazard ratios, and they're outlined on the kind of the right-hand side of this screen, when we use PARP
inhibitor maintenance across biomarkers in this platinum-sensitive recurrent setting. So, this is the first place where we had actually
phase 3 data for use of PARP inhibitors in ovarian cancer. It started in platinum-sensitive recurrent disease.  

Then, we also studied this as I said, instead of chemotherapy in platinum-sensitive  settings, but ARIEL4 actually in platinum-resistant
settings as well. But these were in PARP-naive, BRCA tumors that were recurrent using an effective drug versus standard-of-care
chemotherapy. And so, all of these looked superior and this is really where, again, we saw some of our early indications for
incorporation of PARP inhibitors into the treatment paradigm for ovarian cancer, was in these later line settings, which really don't exist
anymore because we don't have these PARP-naive tumors in the third and fourth line.  

But more, probably, important than that is the fact that the indications for use of PARP inhibitors have expanded. All of those were
positive FDA approved indications, everything I just showed you in the recurrent setting, but they've almost all entirely been retracted.
So, in the recurrent setting, the only places you can use PARP right now are in the platinum-sensitive recurrent maintenance setting for
BRCA. That's it. So, platinum-sensitive recurrent HRD test-positive, even if that patient is PARP naive, is no longer on label to use a
PARP inhibitor. And why this is, is a very complex discussion that probably deserves more than one slide. But the truth is, in these
studies of platinum-sensitive recurrent maintenance, which weren't designed to show overall survival. So, there's all sorts of caveats
here of how well the patients were followed, and how well crossover was ascertained, and data completion, all those things
notwithstanding, there was a very consistent signal of detriment to overall survival across these studies in BRCA wild-type, especially
BRCA wild-type HRD. The hazard ratios were like 1.2 to 1.3, all of them crossed 1, so the confidence intervals were not significant. But
the point estimate was on the wrong side of 1. And so, in an abundance of caution, the U.S. regulatory agency withdrew the approvals in
these recurrent settings, again, outside of platinum-sensitive recurrent maintenance for BRCA. There, you can still use it; all the other
indications had been withdrawn.  

And right or wrong, I hope I convinced you at the beginning of this talk, that the best place to use a PARP inhibitor is frontline, in any,
irrespective of biomarker. And so, that's really where we need to be focused is making sure the right patients get PARP inhibitors at the
right time, which is frontline while we sort out sort of use in later lines of therapy with upcoming clinical trials, and they are being
planned. But for right now, it's important you know where you have indications and where you don't.  

So, in conclusion, or I guess key takeaways for this talk is, I've shown you some signals that we are curing more patients, especially
with BRCA, but not all. I showed you 45% or maybe I told you our progression-free at 7 years, but that means 55% have recurred. And
so, that's still an unmet need. And those rates are even higher for our BRCA wild-type. So, the majority of patients are still recurring.
And once recurrent, we have many, many things to treat them with but we can no longer cure. So, we really want to put all of our efforts
into these frontline, good surgery, good chemotherapy, and maintenance as appropriate to try and move as many patients as possible
into that cure fraction.  

Once patients have recurred, again, they're no longer curable and the multiple lines of chemotherapy start to add up, cumulative toxicity,
additive toxicity just from disease burden that grows with each line of therapy as the disease becomes more resistant and then less
robust responses to those subsequent lines of therapies as these tumor clones become more heterogeneous. So, everything we can do
to sort of move more patients to cure in the frontline, use maintenance where appropriate to sort of spread out the cycles of
chemotherapy and recurrent different types of chemotherapy our patients are getting, will help them live longer in the end.  

PARP inhibitors are approved as first-line maintenance. We have olaparib monotherapy for BRCA. We have olaparib plus bevacizumab
for HRD-positive, inclusive of BRCA. We have niraparib for all-comers. Those are all FDA approved. And then we have rucaparib from
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the ATHENA-MONO study that is not FDA approved, but is NCCN listed. So, you basically have four options for consideration for PARP
inhibitor in the frontline.  

So considerations for when selecting therapy really comes down to that patient's response to that frontline chemotherapy, their
biomarker status either BRCA or HRD. Kind of the patient shared decision about what she holds important, you know, in terms of
maybe combining with bevacizumab or not. Is she okay with coming in for infusions? Or does she want something completely oral once
daily versus twice daily? So, a lot of shared decision-making that goes into selections for frontline maintenance. But if we do this well,
we can do this for the best benefit for all of our patients.  

And with that, I thank you for participating in this activity. Please join me for Part 2, where I'll review adverse events associated with
PARP inhibitor-based therapy, shared decision-making strategies, and case study examples that highlight the integration and
management of first-line maintenance treatment with PARP inhibitors in advanced ovarian cancer. See

Announcer Close: Announcer Close:  
You have been listening to CME on ReachMD. This activity is provided by AXIS Medical Education and is supported by educational
grants from GSK, Merck Sharp & Dohme LLC, and AstraZeneca Pharmaceuticals.   

To receive your free CME credit, or to download this activity, go to reachmd.com/axis. Thank you for listening.  
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