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Abstract: Cancer trials often start investigational therapy at diagnosis or after a selected number of relapses. These are the usual core
inclusion criteria in clinical trials. Hence it is helpful when planning a trial to know the likely percentages of patients receiving standard
therapy at clinics and hospitals who meet this key inclusion criteria of being newly diagnosed during a period or having just had their
first, second or third relapse during an anticipated enrollment time frame. Often regulatory agencies will have approvals tied to the use
of a therapy in a relapsed context or in a newly diagnosed context. We provide details on calculations to help those in clinical trial
operations make realistic assessments on the number of sites and likely enrollment at clinical trial sites, and the enrollment time frames
that might be needed to complete planned total patient enrollment. The estimates complement site feasibility questionnaires which are

often sent to gauge patient availability and site interest.
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1. Introduction

The use and approval of a therapy in oncology is
often tied to the patient’s state in a sequence of
transitions from diagnosis through subsequent relapse.
See Refs. [1] and [2] for instance. To support the
enrollment of patients or the collection of data records
constrained to a diagnosis or a relapse based criteria,
we estimate the likely proportions of such subsets
occurring at medical facilities to complement the use of
site feasibility questionnaires [3]. In a number of
cancer contexts rough estimates exist for the median
across patients of the time period they survived
progression free (PFS) and for the time to death (OS) in
the population having the disease. Such estimates exist
from various starting points such as from diagnosis,
from the first relapse, and from second or succeeding
relapses [4]. In progression free survival (PFS), the
reported median is the time to progression/relapse or
death, whichever occurs earlier. The PFS acronym is
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often used for hematological cancers. Other terms such
as disease free survival (DFS) for the time to disease
recurrence or death are common in other oncology
contexts.

We first use the median times to these events to
compute rough estimates of the proportion of patients
who are likely to have their next progression, or die
before the end of a specified time-frame, or those who
continue through that period without a death or a
progression. The latter constitutes those who respond
to therapy and would likely stay on therapy, and are not
candidates for clinical trials initiating at progressions.
We use the exponential distributional assumptions and
a uniform incidence of the disease diagnosis over time.
The progression, death and ongoing proportion in the
enrollment time-frame being considered are used to
obtain approximate proportions of trial eligible subsets.
Usually additional inclusion/exclusion criteria related
to disease, disability and co-morbidity apply as well as
competing initiating trials, and the estimates here
provide upper bounds and may help personnel in
operations make realistic projections about enrollment.
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2. Computed Example

Estimated subsets in a hypothetical context are in Fig.

1 below. Given starting durations going from diagnosis
or from some subsequent relapse, the example has
median entries under headers “Next PFS” and
“Subsequent OS”. In the default example we consider a
disease condition where the median survival from
diagnosis is 4 years and the median time from
diagnosis to next (first) progression/death is 1.5 years.
Corresponding medians from first relapse are 2 years
and 0.75 years (9 months) respectively. In a salvage
setting (after second or higher relapse) the medians are
1 year and 0.5 years (6 months) respectively. The
period considered is 0.5 years (6 months). Units for
time (yrs) are the same for this period and for OS and
PFS medians.

The first column estimates the likely breakdown of
patients having the disease as a multiple of the number

of newly diagnosed patients. For every newly
diagnosed patient during a 6-month enrollment
time-frame, 3.85 multiples are ongoing diagnosed
patients without a relapse, 0.6 have a first relapse, 0.58
are previously relapsed having a relapse again and 1.60
are previously relapsed ongoing without relapse, all in
the same 6-month period. For rapidly progressing
disease we also consider unique progressing patients
within a period as progressions can occur over more
than once within a period for some patients. For every
newly diagnosed patient during a 6-month enrollment
time-frame above, 0.44 are unique previously relapsed
patients having a second or higher relapse again
compared to the 0.58 noted when we count relapses
instead of the unique patients in the period. This
implies a 2.04 multiple unique patients eligible for
clinical trials and 5.45 ineligible if trials are to start on
relapse or at diagnosis.

Calculator Inputs

Median Median
Next Subsequent Period
Start of Event Duration PFS oS Length
Diagnosis 15 4 05
First Relapse 0.75 2 0.5
Second or Higher to Next Event 0.5 1 0.5
Fer1 subgoup Trial
Subgroup ND Proportions  Eligible
Newly Diagnosed (ND) 1 13.36% 49.09%
Ongoing without any relapse 3.85 51.41%
First Relapse This Period 0.60 7.99% 29 .34%
Any Relapse After First in This Period 0.58
Second Relapse 0.34
Third Relapse 014
Fourth or Beyond 010
Any Relapse After First in This Period (Unique
Patients without Prior Relapse in Period) 044 587% 21.57%
Second Relapse (Unique Patient) 027 3.62% 13.28%
Third Relapse (Unique Patient) 0.10 1.32% 4.86%
Fourth or Beyond (Unigque Patient) 0.07 0.94% 3.43%
Ongoing Relapsed Patients 1.60 21.37%
Ongoing after First Relapse 1.02 13.60%
Ongoing after Second Relapse 0.34 4 55%
Ongoing after Third Relapse 014 1.89%
Ongoing after Fourth or Higher Relapse 0.10 1.33%
Trial Eligible Total {(Diagnosed or Relapsing
this Period) 2.04 27.22% 100.00%
Ineligible Total (Ongoing through Period) 5.45 72.78%
Total 7.48 100.00%

Fig. 1 Progression based cancer clinical trial subset estimation.
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2.1 Interpretation

These are converted to percentages in the second
column. In addition to some bias when the assumptions
noted earlier do not hold, these percentages are
associated with error. This error works out to about #5%
(95% confidence intervals) when considering about
100 patients and it is generally proportional to the
inverse of the square root of the number of patients. For
every 100 patients in the sites being considered, about
73 are likely to do reasonably well through the 6-month
period and are likely to come in for scheduled visits and
possibly just pick their prescriptions or undergo any
therapies at the site. These patients would not typically
volunteer or be considered for clinical trials. Further
for those 100 patients about 13 patients would be newly
diagnosed during the period, about 8 would have had
their first relapse and another 6 would have had a
subsequent relapse, leading to only about 27 eligible
for a clinical trial. The last column computes these trial
eligible proportions as a percent of the total eligible.

Often regulatory agencies request separate study of
therapies in the newly diagnosed and the relapsed
settings and licensing is restricted to the setting studied.
For the hypothetical example considered, only about 13
in 100 patients at clinics and hospitals would be
qualified for a trial by a sponsor pursuing a newly
diagnosed indication for their therapy. Often sponsors
consider approvals for patients difficult to treat such as
those with 1 or more relapses. For the default example
in this calculator, this would be about 14 patients
among 100 visiting clinics and hospitals over a
6-month period. As noted earlier there would be
additional attrition in the available patient pools as one
applies inclusion and exclusion criteria. For instance, a
requirement of refractoriness to a class of medications
in addition to being relapsed would further restrict
enrollment.

The calculator allows the entry of a fraction of a year
or whole years for an enrollment period of interest such
as 0.5, 1, and 1.5 years, etc. The reader may use the

interactive calculator in Ref. [5] to enter a period of 1.5
years (18 months) instead of the 0.5 years (6 months)
used in Fig. 1. An 18-month enrollment is closer to
norm in cancer clinical trials than 6 months, though 6
months may sometimes be possible in the context of a
disease with high incidence and poor prognosis
together with aggressive enrollment. For an 18-month
enrollment, with the same medians to progression and
death, for 100 patients, 42 may not be eligible for a trial,
and 58 eligible for some trial. About 34 and 24 of the
58 eligible will be newly diagnosed and relapsed
during the period respectively. Enrollment prospects
are a lot better. The next section provides details on the
calculations. These are also available in the technical
report [6], though this article adds a section on unique
relapsing patients during enrollment time frames.

3. Details on Calculations

Consider a newly diagnosed patient at some time Sy
and at every time point obtained by adding or
subtracting all whole multiples of a period L. A
uniform incidence of the disease can then be obtained
by integrating over a uniform measure from Sg to (Sp +
L). We will see shortly that the subset fractions we
obtain are independent of Sy and hence computed
fractions using sequences of patients diagnosed at
time-points separated by a period L, hold for a uniform
incidence of the disease over time. For each newly
diagnosed patient at the start Sy of a given period, let
Pos and Py be the probabilities of having their first
progression or death and death alone in the succeeding
period of length L. These can be computed using the
median PFS and Median OS, denoted as My and Mgy
using exponential assumptions (see Ref. [7] for
instance) through the hazards hys and hy as:

Ppts = {1 - exp[-hpss L]} =
{1 - exp[(In(0.5) / Mpss) L]}
and
Pq = {1- exp[-hg L]} =
{1 - exp[(In(0.5) / Mg) <L]}
Note that these probabilities are independent of S,
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and depend only on the medians and the period length
L. All computations that follow use these or other
probabilities that depend only on the medians and the
length of the period. Hence, all computations will hold
under the uniform incidence rates of the disease over
time. The probabilities P, and P, for those with
progression (first) alone, and those ongoing through the
period without a progression, can be obtained as P, =
Pots — Pg, and P, = 1 — Py, — Py. Further note that for
every newly diagnosed patient from two periods back,
P, > P, is the probability of first progression in this
period, and for every newly diagnosed patient from
three periods back, P, < P, < P, is the probability of
having their first progression in this period and so on,
yielding the expected total of first progressions in a
given period T, corresponding to the sequence
consisting of a newly diagnosed patient at the start of
every period, as an infinite geometric series (see Ref.
[8] for instance) which was evaluated as follows:
To=Pp (1 +Py+P"2+...) =P,/ (1-Py)

Similarly the expected total ongoing after diagnosis

in a period, without having a progression, is given by:
To=Po (1+ Py + Py 72+....) =Py / (1- Py).

Proceeding in a similar manner and using the
medians after first, second and higher relapses, we can
obtain for every patient with the (k-1)" relapse in the
previous period, the probability Py of having the K"
relapse, and the expected fraction Py, ongoing without
relapse, in a succeeding period. Using these we can
obtain the expected total of second and third
progressions in a given period, Ty, and T3 respectively,
corresponding to the sequence of one newly diagnosed
patient per period start, as:

Tp2 = Tp XPpa (1 + Py + P2+ ...) =
Tp XPp2/ (1 -Poy)
and
Tp3 = Tp2 XPp3 (1 + Pop + P2+ ...) =
Tp2 ><Pp3 / (1 - POZ)

and the expected total ongoing after the first, second
and third progressions, Tz, Te, and Tz respectively, in

a given period, corresponding to one newly diagnosed
patient per period, as:
Tor = Tp XPo1 (1 + Poy + Pgy"2+...) =
Tp XPo1/ (1 -Po1),
To2 = T2 XPo2 (1 + Pop + P2 +...) =
Tp2 XPo2 [ (1-Pg)
and
Toz = Tpg XPo3 (1 + Pog + Peg"2 +...) =
Tps XPo3 /(1 - Pog)

3.1 Computing the Fourth or Higher Progression
Patients in a Period

Using similar derivations Ty, = Tpg XPpa/( 1- Pog) for
the newly diagnosed patient sequence, the calculator
presumes the same next PFS and subsequent OS
medians in the salvage setting (after second relapse).
This leads to P = Pps for k>4 and Py = Pos form > 3.
Using this we have:

Tps = Tpa XPps /(1 - Pos) = Tpa XPpa/ (1 - Po3) =
Toz X{Ppa/ (1 -Po3) } X{Ppa/ (1 - Po3)} = Tz X(Ppc)"2,
With Pye = {Ppa / (1 - Po3)}. Similarly

Tps = Tps *(Ppc)"3
and the pattern continues leading to fourth or higher
progression rates Tys. corresponding to the newly
diagnosed patient sequence as:
Tpar = Tpg XPpe X((1 + Ppe + Ppc™2 +...) =
Tpz %Py / (1 - Ppo)

3.2 Unique Relapsing Patients

The expressions for progressions in a period derived
earlier in Section 3 and in Section 3.1 look at the
number of progressions in a period and not necessarily
the number of unique patients having progressions in a
period. For long enrollment periods the same patient
may have one or more progressions in the same period
and the results that follow adjust for these. For the k™
progression, the probability Py, that the next
progression occurs in the same period is given by:

Pie1 = (/L) (exp[-hageeny xa] -
exp[-hpss+1y >a])da
where the integral operates over values of going from 0
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to L and the hazard subscripts (k+1) indicate hazards
for the PFS and OS events after the k™ progression. The
integral evaluates to the following manner:

Pre1 = (L/L){exp[-hptseny < @1 oty -

exp[-Naw+1) >a] / hags)}

When the expression inside the braces, evaluating at a
= 0 is subtracted from that evaluated at a = L, we get:

= (VL - exp[-hags1y L] ) / ey -

(1 - exp[-Nprsgerny X L) / Pprsgern

Using the relationship between the hazard h and the
Median M for the exponential distribution of h =
-In(0.5)/M, the expression further evaluates to:

= (M/D){ -(Mages1) *Pageeny) / In(0.5) +

(Mpfs(cr2) < Pprserny) /In(0.5)}

The median times to death and to subsequent relapse
or death, and the probabilities of events have subscripts
(k+1) indicative of times and probabilities after the k™
progression. Note that the number of (k+1)" relapses in
a period is given by Tpws1y unconditional on the
occurrence of the k™ relapse. Further conditional on the
occurrence of the k™ relapse, the number of (k+1)"
relapses in a period is given by Ty > Py.1. Hence the
number of (k+1)" relapses in a period that is
conditional on the non-occurrence of the k™ relapse in
the same period is given by Tys1) - Tok X Pisa. This is
the number of unique (k+1)™ relapses Upwsny in the
period. No prior relapse occurred in the period. Hence
for k > 1 we have:

Upk = Tpk = Tpery %Pk

Using the assumption of a constant hazard of a
subsequent progression in the salvage set for the third
and subsequent relapse, it follows that P, = P; for all k
> 4. Hence the fourth or higher unique progression rate
Ups+ corresponding to the newly diagnosed patient
sequence is given as the sum for k > 4, by:

Upa+ = 2 [Tok - Tpey < Pil
= Tpar - 2 [P3 X Tpgen] = Tpas - P X(Tpz + Tpas)

3.3 Patients Ongoing after Fourth or Higher
Progression in a Period

We note here that on proceeding in an analogous

manner Tog = Tps XPoe With Pog = {Po3 / (1 - Po3)} and
Pok = Po3 for k > 3 per the salvage setting constant
hazard assumption. Further,

Tos = Tpa XPpe XPoc, and Tog = Tps X(Ppe) > %Py

This pattern continues leading to ongoing rates after
fourth or higher progression T4+, corresponding to the
newly diagnosed patient sequence, given by:

Toar = Tpa X1+ Ppe + (Ppe) % + (Ppe) >+ ...] XPoc =

TD4 xpoc / (1 - PDC)

3.4 Calculations of Subgroup Proportions

The calculations above provide the occurrence rates
within relapse and ongoing groups corresponding to
one newly diagnosed patient at the start of each period.
This provides the total occurrence rate as a multiple of
the unit newly diagnosed rate. This total is then used to
provide rough estimates of the proportion of patients in
each subgroup on setting the total to a 100%. Note that
through arguments made earlier and the uniform
disease incidence assumption, newly diagnosed
patients will accrue uniformly through the enrollment
time-period considered and the multiples and the
subgroup proportions will be invariant to the starting
time of the intervals. The last column in the calculator
estimates the trial eligible fractions based on the total
of the newly diagnosed and the relapse groups in each
period. For disease registries which take all comers,
irrespective of therapy use and stage of the disease, and
for electronic health record datasets, the subgroup
proportions provide likely subgroup sizes for analyses
carve-outs for exploratory analyses given the total
number of subjects.

4. Discussion

This calculator uses the median times to next PFS
and subsequent OS measured from diagnosis and after
relapses/progressions under exponential distribution
assumptions. These medians correspond to patients on
a mixed set of standard of therapy options and should
typically be assessed by observational studies allowing
for a latitude of patient consented clinician choices of
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therapy. The disease prognosis is presumed stable, with
the assessed medians holding true over a medium time
frame. This would not hold if there is a breakthrough
therapy in that time frame with marked efficacy
compared to previous standards, having considerable
market penetration. Further the calculations assume a
uniform incidence rate of the disease over time. The
expressions provided allow analysts to rework the
computations for the Time to Progression endpoint
(TTP) instead of the PFS endpoint, and to relax our
assumption of a constant high hazard of PFS and OS
events in the salvage setting. Usually additional
inclusion/exclusion criteria such as co-morbidity
exclusions, requirement of certain biomarkers, and
specified risk profiles apply, as well as competing
initiating trials, and the starting estimates computed
here would need to be further fractionated by the
subgroup proportions meeting these additional
constraints.
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