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Highlights


HER2-positive ESBC often recurs in patients not achieving neoadjuvant therapy pCR



The burden of recurrence has not previously been quantified in this population



Each year, approximately 9,300 new patients fit into this high risk category



We used a decision model to extrapolate 10-year outcomes for a 1-year cohort



Recurrence causes 1,390 cancer deaths and $644 million in costs
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Micro Abstract (Original Studies)
Approximately half of patients with high-risk HER2-positive early-stage breast cancer do not
have pathologic complete response after neoadjuvant therapy. We used decision-modeling
techniques to estimate the residual burden of recurrence among a 1-year cohort of US patients.
We estimated that recurrence caused approximately 1,320 additional deaths, 6,440 years of life
lost, and $644 million in healthcare-related costs over 10 years.

Clinical Practice Points


Approximately half of patients with HER2-positive early-stage breast cancer do not have
pathologic complete response after neoadjuvant therapy. These patients are at high risk of
recurrence. The burden of residual recurrence, though, has not previously been quantified.



We used decision analytic modeling to extrapolate survival curves from the KATHERINE
trial of ado-trastuzumab emtansine (T-DM1) to 10 years. This allowed us to estimate the
residual burden of recurrence for a typical 1-year cohort of newly diagnosed patients. We
estimated that recurrence among this cohort causes 1,390 breast cancer deaths; 6,440 lost
years of life; and $644 million in healthcare-related costs, primarily associated with the
treatment of distant recurrences.



After HER2-positive early-stage breast cancer patients receive adjuvant therapy, there is still
a substantial residual burden of disease. As such, there is a need for innovative treatments
and strategies to reduce that burden.
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Abstract
Background: Approximately half of patients with high-risk HER2-positive early-stage breast
cancer (ESBC) do not have pathologic complete response (pCR) after neoadjuvant therapy. The
residual burden of disease among this population has not been previously quantified.
Methods: We used decision-modeling techniques to simulate recurrence, progression from
locoregional to distant cancer, breast cancer-related mortality, and mortality from other causes
over a 10-year period in a hypothetical cohort. We derived progression probabilities primarily
from the KATHERINE trial of T-DM1 (ado-trastuzumab emtansine) and mortality outcomes
from the published literature. Modeled outcomes included recurrences, breast cancer deaths,
deaths from other causes, direct medical costs, and costs due to lost productivity. To estimate the
residual disease burden, we compared outcomes from a cohort of patients treated with T-DM1
versus a hypothetical cohort with no disease recurrence.
Results: We estimated that 9,300 people would experience incident high-risk HER2-positive
ESBC in the US in 2021 based on cancer surveillance databases, clinical trial data, and expert
opinion. We estimated that in this group, 2,118 would experience disease recurrence, including
1,576 distant recurrences. They would also experience 1,385 breast cancer deaths. This residual
disease burden resulted in 6,435 life-years lost versus the recurrence-free cohort and healthcarerelated costs totaling $644 million, primarily associated with treating distant cancers.
Conclusion: Patients with HER2-positive ESBC who do not achieve pCR after neoadjuvant
therapy are at ongoing risk of recurrence despite the effectiveness of neoadjuvant treatment.
There is substantial clinical and economic value in further reducing the residual disease burden
in this population.
Keywords: Disease burden, Cost, HER2-positive early-stage breast cancer, Neoadjuvant
therapy, Decision modeling
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Introduction
HER2 protein overexpression and/or HER2 gene amplification is found in approximately 15–
20% of all early-stage breast cancer (ESBC) cases and is associated with increased recurrence
and poorer survival.1-3 Blocking the HER2 protein with targeted agents has been shown to
substantially improve the prognosis for patients with HER2-positive cancers.4,5
Additionally, neoadjuvant therapy is increasingly used as initial therapy for select patients with
high-risk locally advanced breast cancer.6,7 General criteria for consideration of neoadjuvant
therapy include the patient having a preference for breast-conserving surgery but not being a
candidate due to tumor size or location and axillary nodal involvement.8 Patients treated
systemically before surgery and who have residual disease face a significantly worse prognosis
compared with those who achieve a pathological complete response (pCR).9,10 This is
particularly the case in aggressive breast cancer subtypes including HER2-positive tumors.11
However, only 45–56% of patients with HER2-positive breast cancer achieve pCR with
neoadjuvant treatment.12,13 Initially used to decrease tumor burden and increase breastconservation rates, recent trials of neoadjuvant therapy have demonstrated survival benefits with
specific treatments for patients with residual disease.14
The phase 3 KATHERINE trial randomized patients with HER2-positive residual invasive breast
cancer after undergoing neoadjuvant therapy plus trastuzumab to either ado-trastuzumab
emtansine (T-DM1) or to continue with adjuvant trastuzumab in the adjuvant setting.15 Patients
in the T-DM1 arm had significantly greater invasive disease-free survival after a median followup of 41.4 months (hazard ratio 0.50, 95% confidence interval: 0.39–0.64, P<.001). The rate of
distant recurrence was 10.5% for the TDM-1 arm versus 15.9% in the trastuzumab arm. As a
result, T-DM1 is now considered the standard of care for patients with residual disease after
neoadjuvant taxane- and trastuzumab-based treatment. After 3 years, however, 12.2% of patients
who received T-DM1 in the KATHERINE study had an invasive disease event.15 The long-term
clinical and economic impacts of these recurrences are not well understood.
The objective of our study was to estimate the residual burden of recurrence following treatment
with T-DM1 among US patients with high-risk HER2-positive ESBC who did not achieve pCR
after neoadjuvant therapy.
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Methods
Model Description
We developed a decision-analytic model to simulate long-term breast cancer outcomes in a
hypothetical cohort of patients similar to participants in the KATHERINE trial.15 We selected a
10-year time horizon for this model as breast cancer recurrence and mortality occur primarily
during this period. To estimate the residual disease burden, we compared the at-risk cohort
against a hypothetical cohort who did not experience recurrence.
We created a Markov model using a monthly cycle length with the following five health states
(Figure 1): “progression-free survival,” “locoregional recurrence,” “distant recurrence,” “breast
cancer death,” and “deaths from other causes.” Patients entered the model in the “progressionfree survival” state and were assumed to be 50 years of age.

Model Population
For the model population, we defined patients with incident high-risk HER2-positive ESBC as
those treated with neoadjuvant therapy who do not achieve pCR (Table 1). To estimate the
annual number of these patients in the US, we used the reported number of incident breast cancer
cases in 2021 of 281,550 and the proportion diagnosed at either the local or regional stage as
92% (see Supplementary Appendix A, Table A.1).16 The proportion of incident early-stage cases
that are HER2-positive was estimated as 16% from a population-based National Cancer Institute
Patterns of Care study of women.1 Data from 2015 for the National Cancer Database were used
to estimated that 50% of HER2-positive early-stage cases are treated with neoadjuvant therapy
(personal correspondence B. Moy, MD, January 21, 2022 [expert opinion]),6 estimating
approximately 20,700 persons per year with newly diagnosed HER2-positive ESBC. Of earlystage cases treated in the neoadjuvant setting, approximately 45% do not achieve pCR (high risk)
(personal correspondence B. Moy, MD, January 22, 2022 [expert opinion]).13,16
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We made the following key assumptions. First, patients with locoregional recurrence could
progress to distant recurrence at any time after their initial recurrence. We made this assumption
as a way of avoiding the imposition of a period for which the patient was risk-free. Second, all
patients in the “locoregional recurrence” state had the same probability of distant recurrence.
Since our model concerns population benefits, we assumed that all patients had the population
average risk of distant recurrence. Third, all patients were eligible for treatment with T-DM1.
We chose to assume this to provide all patients in the population with the highest chance of
survival and, thus, to conservatively estimate the burden of disease. Lastly, patients in the
“distant recurrence” state were ineligible for remission. While survival varies for patients with
distant recurrence due to type and extent of metastases, we captured average patient survival by
applying the mean hazard of mortality for these patients.

Clinical Probabilities
Recurrence risk for recurrence-susceptible persons varied by month and was estimated from
digitized survival curves taken directly from the KATHERINE trial (see description in
Supplementary Appendix B).15 The KATHERINE trial reported invasive disease-free survival
and distant recurrence-free survival. In the trial analysis, patients were censored from the
invasive disease-free survival curve when they first experienced locoregional recurrence, distant
recurrence, or death from any cause; patients were censored from the distant recurrence-free
survival curve only at the first of either distant recurrence or death from any cause.
We used the first 4 years of trial results given the small proportion of patients followed for the
trial’s full 5 years. We projected beyond the trial data based on the shape of the survival curves
from the combined trastuzumab arms (1 versus 2 years of treatment) in the long-term HERA
trial.4 Specifically, to estimate the extrapolated control arm in the KATHERINE trial, we applied
a hazard ratio for the first 4 years of the HERA trastuzumab arms compared with the trastuzumab
arm of the KATHERINE trial.4,15
To estimate survival for the T-DM1 arm, we assumed that the protective effect of T-DM1
observed in year 4 of the KATHERINE trial gradually decreased over the remainder of the 10year period, similar to previous models in ESBC.17,18
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The monthly risk of age-specific background mortality was based on the 2019 US Social
Security Administration life tables for women.19 We subtracted age-specific breast cancer
mortality from the actuarial life tables to isolate background mortality not due to breast cancer.20
Only patients with distant recurrences could die from breast cancer. All patients in the “distant
recurrence” state were subject to a monthly probability of 0.0317% risk of breast cancer
death.17,21

Costs
All direct costs were derived from published literature and were inflated to 2020 US dollars
using the medical consumer price index inflator (Table 1).17,22-24. Patients incurred one-time costs
when transitioning into the “locoregional recurrence” and “breast cancer death” states 22,23 In
addition to direct medical costs, we estimated the costs of lost productivity associated with
treatment of distant recurrences, which we inflated to 2020 US dollars using the consumer price
index.24,25 We did not include lost productivity due to death.

Analyses
Our estimates of the residual burden of disease following the use of T-DM1 in patients with
high-risk HER2-positive ESBC were based on calculations of locoregional recurrences, distant
recurrences, mortality, and costs for the 2021 cohort of 9,300 patients over a 10-year timeframe.
We calculated the burden of disease attributable to recurrence as the difference of the counts of
outcomes in the recurrence-free and at-risk cohorts.

Evaluation of Uncertainty
Because of uncertainty in our methods for extrapolating the protective effect of T-DM1 over the
entire modeled time period, we also conducted a scenario analysis in which the protective effect
of treatment finished at the end of year 4 of the KATHERINE trial. We conducted a scenario
analysis in which we estimated outcomes for 10 annual cohorts of patients, each of whom we
followed for 10 years. This allowed us to estimate the residual burden of recurrence over a
longer time horizon, including overlapping cohorts.
We conducted two sensitivity analyses to estimate the influence of input uncertainty in our
model. First, we conducted one-way sensitivity analyses, which showed the influence of the
9

uncertainty around each input individually on the results within the pre-defined ranges (Table 1).
We also conducted a probabilistic sensitivity analysis in which we performed 10,000 simulations
as the basis for reporting 95% credible ranges (CRs; the central range of results from the 2.5th
percentile to the 97.5th percentile). In each of the 10,000 simulations, random values for each
input were drawn from the pre-defined ranges for each model input range according to an
assigned statistical distribution. As such, the probabilistic sensitivity analysis showed the
simultaneous impact of multiple sources of uncertainty on the modeled outcomes.
We used confidence intervals from published sources when available to estimate the plausible
ranges of inputs for the probabilistic sensitivity analysis. We calculated the confidence intervals
of the survival curves using two different methods for the observed period of the KATHERINE
trial and the extrapolated period that lasted between years 5 and 10 (Figure 2). For the observed
period, we used the reported confidence interval for the hazard ratio of recurrence for the T-DM1
arm versus the trastuzumab arm. For the extrapolated period, we used the calculated confidence
interval from the Cox proportional hazards regression that we conducted on the KATHERINE
versus HERA trastuzumab arms. We used a fixed range of ±10% for costs when the sources did
not contain information about uncertainty around their estimates.
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Results
We estimated that 9,300 people would experience incident high-risk HER2-positive ESBC in the
US in 2021.

Clinical Events
Over 10 years, we estimated the at-risk cohort would experience 542 locoregional recurrences
(95% CR: 519–555) and 1,576 distant recurrences (95% CR: 1,283–1,860; Table 2, Figure 3).
Most distant recurrences occurred within the first 5 years after initial treatment. Approximately
14.9% of the at-risk cohort died of breast cancer, and 3.9% died of other causes. In the
recurrence-free cohort, 4.3% died of other causes. Deaths primarily occurred in years 2 through 5
as a consequence of when distant recurrences occurred and the duration of expected survival
among persons with distant recurrence.

Life Expectancy
The at-risk cohort experienced a total of 1,791 (95% CR: 1,705–1,797) person-years spent with
locoregional recurrence and 3,621 (95% CR: 2,863–4,432) person-years spent with distant
recurrence (Figure 4). At the end of the modeled period, 76.1% of the at-risk cohort remained in
the recurrence-free state and had accumulated a total of 79,422 (95% CR: 76,643–81,085)
person-years in the recurrence-free state.
We calculated the at-risk cohort of 9,300 patients would accumulate 84,834 (95% CR: 83,301–
86,374) life-years, or an average life expectancy over the 10-year time period of 9.12 years
(Table 2). In contrast, the recurrence-free cohort accumulated 91,268 life-years (95% CR not
calculated), or a life expectancy of 9.81 years. We therefore estimated the residual burden of
breast cancer recurrence after T-DM1 treatment was 6,435 (95% CR: 4,894–7,966), or 0.69 years
of life lost per person, on average, over 10 years.

Costs
Approximately 61.1% of costs in the at-risk cohort were associated with distant recurrence
(Table 2). Locoregional recurrence was associated with 15.3% of costs, and end of life costs
represented 18.8% of overall costs. Indirect costs accounted for 1.7% of total costs. ESBC11

related healthcare costs for the at-risk cohort totaled $669 million (95% CR: $548 million–
$800 million). Costs accumulated at the quickest rate during the first 4 years of the modeled
period. All costs in the recurrence-free cohort were associated with the recurrence-free health
state. Costs for the recurrence-free cohort totaled $24 million (95% CR: $22 million–
$27 million), all of which is attributable to the cost of monitoring for disease recurrence. The
residual economic burden of disease was $645 million (95% CR: $524 million–$776 million).

Sensitivity and Scenario Analyses
We conducted a scenario analysis to estimate the impact of our assumptions about the remaining
protective effect of T-DM1 after the end of the KATHERINE trial. This analysis estimated that
the most influential input on both costs and life-years was distant recurrence-free survival
(Figure 5). The cost of treating distant disease was also highly influential on costs. The
probability of death for patients with distant recurrence was more influential on the costs than on
the burden of illness. Inputs associated with the risk and cost of locoregional disease were
notably less important than the inputs associated with distant recurrence.
The probabilistic sensitivity analyses (Figure 3) showed the credible range of the residual clinical
and economic burden associated with recurrence. Each point on the figure shows the result of
one simulated run of the model and the burden that resulted from the distribution of model
inputs. Because these were incremental estimates, the origin corresponded to the estimated costs
and life-years in the recurrence-free cohort. There was a dense central region indicating the most
credible estimates, while outliers showed fewer probable estimates of the residual burden of
recurrence.
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Discussion
We developed a decision-analysis model to simulate long-term breast cancer outcomes in a
hypothetical cohort of patients with high-risk HER2-positive ESBC similar to the KATHERINE
trial participants.15 We evaluated the residual burden of breast cancer by estimating the total
number of breast cancer recurrences, deaths, life-years, and costs attributable to breast cancer
over a 10-year time horizon. We found the residual burden of disease for a cohort of 9,300
patients in the US was 1,576 cases of distant recurrence, 1,346 deaths, 6,435 life-years, and
$644,562,000 in total costs.
Our findings suggest that despite the significant benefits of treatment with TDM-1 in patients
with HER2-positive ESBC, those who do not achieve pCR face meaningful clinical risk over the
next decade, particularly in the first 5 years after treatment. Healthcare costs are also impactful,
with an estimated $71,900 per person in economic burden attributable to recurrence initially
treated.
These results have important implications. First, despite the great success in treating people with
HER2-positive ESBC, it is crucial to recognize that further strategies are needed to improve
clinical outcomes in patients with high-risk HER2-positive disease, particularly those with
residual disease after neoadjuvant therapy. Second, given the residual burden of ESBC in this
patient population, our results suggest that treatments should be optimized to help address the
remaining disease risk.
Previous analyses have projected the potential long-term clinical and economic outcomes of
treatment with HER2-targeted therapies in patients with HER2-positive ESBC. These studies
used similar approaches to ours, although comparisons are challenging as these studies focused
on cost-effectiveness rather than residual disease burden, and thus measured discounted qualityadjusted life-years and discounted costs rather than focusing on non-discounted clinical events,
life expectancy, and economic burden.
Kunst and colleagues modeled clinical and economic outcomes based on the KATHERINE trial
within a cost-effectiveness analysis.26 Their analysis was conducted over a lifetime horizon and
when their results were discounted, they found that treatment with T-DM1 was cost-effective for
patients with residual disease following neoadjuvant therapy. Similarly, Sussell et al. found that
13

treatment with T-DM1 was cost-saving and improved outcomes compared with trastuzumab.27 In
summary, to our knowledge, no previous studies have evaluated the residual burden of disease in
a patient population similar to that of the KATHERINE trial, multiple studies have suggested
that novel treatments to reduce the residual burden of recurrence in persons with HER2-positive
ESBC could be cost-effective.
Our study has several important limitations. First, as with most decision-analysis models in
oncology, we projected outcomes beyond the observed trial period. We used standard analytic
approaches in decision analysis to estimate future recurrences and relied on the long-term
follow-up results of the HERA trial to guide our analysis.4,28 Second, there is uncertainty in the
model inputs. We assessed the impact of this uncertainty using one-way and probabilistic
sensitivity analysis; the results varied by approximately ±20% in our simulations. Third, we
made several clinical assumptions, most notably regarding the duration of treatment effect. We
assessed the impact of this assumption by varying the duration in a scenario analysis. Fourth, we
assumed that all persons in the cohort were eligible for treatment with T-DM1, although the drug
has three “black box” warnings that may cause prescribers to avoid its use in some persons.29
Because T-DM1 is among the most effective treatments for patients who can use it, our estimate
of the residual burden of disease was conservative compared with an analysis that included lesseffective drugs. Lastly, we did not include productivity costs due to mortality, as years of life lost
was the primary measure of the impact of mortality, and inclusion of these costs would have
implied the need to also include cost savings from avoided future unrelated healthcare costs,
which we felt would unnecessarily complicate the results.30

Conclusions
In conclusion, we modeled the 10-year burden of disease for patients with HER2-positive ESBC
and residual disease after neoadjuvant therapy and estimated that with no further treatment
beyond TDM-1, a cohort diagnosed in 2021 could be expected to experience 2,118 recurrences
and 6,435 years of life lost, and the health-related cost impact would be over $644 million. These
findings suggest the need for additional innovative treatments to be considered in this patient
population.
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Table 1 Model Inputs
Input

Value

Modeled range

Reference

9,300

Not varied

SEER 2021,

Cohort
Annual number of US patients with
incident high-risk HER2-positive ESBC

Cronin 2010,

(2021)

Hurvitz 2018,
Murphy 20181,6,13,16

Recurrence
Probability of recurrence – T-DM1 and

See Figure 2

von Minckwitz
201915

trastuzumab: first 5 years
Probability of recurrence after year 5

See Figure 2

von Minckwitz
2019, Cameron
2017, see text4,15

Mortality
Mortality from other causes

Age-based

Not varied

CDC 201920

Probability of death from distant

0.0317

0.0284–0.0347

Swain 2015,
Garrison 201917,21

recurrence (per month)
Costs, $a
Progression-free survival (per month)

22

20–24

Garrison 201917

Locoregional recurrence (one-time cost)

183,100

164,800–201,400

Blumen 201622

Locoregional recurrence (maintenance;

33

30–36

Garrison 201917

9,400

8,500–10,300

Blumen 201622

7,100

5,300–8,900

Wan 201425

91,000

89,400–92,600

Chastek 201223

per month cost)
Distant recurrence, direct medical costs
(per month)
Distant recurrence, indirect costs (onetime cost)
End of life costs due to breast cancer
(one-time cost)

20

a

All costs in 2020 US dollars. Direct medical costs were inflated using the medical consumer

price index; indirect costs were inflated using the consumer price index.
Abbreviations: ESBC = early-stage breast cancer; T-DM1 = ado-trastuzumab emtansine.
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Table 2 Clinical Outcomes and Costs Associated With Breast Cancer Recurrence After
Treatment With Ado-Trastuzumab Emtansine Versus a Scenario Without Recurrence
Without recurrence
With recurrence (95%

(95% credible

Difference

credible range)

range)

(95% credible range)

Locoregional recurrences

542 (519–555)

0

542 (519–555)

Distant recurrences

1,576 (1,283–1,860)

0

1,576 (1,283–1,860)

Breast cancer deaths

1,385 (1,117–1,647)

0

1,385 (1,117–1,647)

Deaths from other causes

365 (358–373)

404 (not varied)

-39 (-46 to -31)

Life-years

84,834 (83,301–86,374)

91,268 (not varied)

6,435 (4,894–7,966)

20.8 (18.7–23.0)

24.1 (21.8–26.5)

-3.3 (-4.0 to -2.6)

Acute

99.3 (88.3–110.0)

0

99.3 (88.3–109.5)

Locoregional recurrence:

2.8 (2.2–3.6)

0

2.8 (2.2–3.6)

Distant recurrence

408.5 (314.6–517.2)

0

408.5 (314.6–517.2)

End of life

126.0 (99.4–154.1)

0

126.0 (99.4–154.1)

Indirect costs

11.2 (8.9–13.8)

0

11.2 (8.9–13.8)

Total costs

668.7 (547.8–799.8)

24.1 (21.8–26.5)

644.6 (523.6–776.3)

Outcome
Clinical outcomes

Costs, millions of US$
Disease-free survival
Locoregional recurrence:

Maintenance

a

All costs in 2020 US dollars.
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Figure Legends
Figure 1 Schematic of the Markov Model. Patients begin in the “progression-free survival”
state, then experience recurrence or death from other causes
Figure 2 Plot of Invasive Disease-Free Survival and Distant Recurrence-Free Survival
Showing Ranges Used in Sensitivity Analysis and Values Extrapolated After the
KATHERINE Trial’s End
Figure 3 Results of the Probabilistic Sensitivity Analysis, Which Used 10,000 Independent,
Random Draws From the Uncertainty Distributions Around the Inputs to Calculate
Credible Ranges for Results. Results are expressed as incremental costs and life-years relative
to the “no recurrence” cohort
Figure 4 (A) Percent of Cohort in Each State By Month. (B) Costs Attributable to Different
Health-Related Causes. Costs are stacked and cumulative over time
Figure 5 One-Way Sensitivity Analyses of (A) Costs and (B) Life-years Lost Due to
Recurrence. Bars show the cost due to recurrence as a function of the uncertainty interval
around the different inputs. Input values are displayed at the ends of bars. Disease-free survival
intervals are displayed as hazard ratios relative to the control arm of the KATHERINE trial.
Abbreviation: Pr = probability.
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Appendices
Appendix A: Population Model
Table A.1 Population model – Estimated Number of US Persons With Incident HER2Positive High-Risk Early-Stage Breast Cancer in 2021
Input

2021

Source

estimate
Incident number of breast cancer cases

281,550

SEER 202116

Proportion of incident cases that are early stage (localized or

92%

SEER 202116

regional)
Estimated number of incident early-stage cases

259,026

Proportion of early-stage cases that are HER2-positive

16%

Estimated number of persons with incident HER2-positive

41,444

Cronin 20101

early-stage cases
Proportion of HER2-positive cases treated with neoadjuvant

50%

therapy

Murphy 20186,
personal
correspondence
B. Moy, MD,
January 21,
2022

Estimated number of incident HER2-positive early-stage cases

20,722

treated with neoadjuvant therapy
Proportion of HER2-positive cases treated with neoadjuvant

45%

therapy that do not achieve a pathological complete response

Hurvitz 201813,
personal
correspondence
B. Moy, MD,
January 22,
2022

Estimated number of incident HER2-positive early-stage cases

30

9,325

treated with neoadjuvant therapy who do not achieve a pathological
complete response
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Appendix B: Interpretation of Digitized Recurrence-Free Survival Curves
The KATHERINE trial’s use of composite endpoints meant that we could not distinguish
between certain clinical scenarios. For example, when the invasive disease-free survival (IDFS)
and distant recurrence-free survival (DRFS) curves changed identically over a given time period,
two explanations were equally plausible: first, that a number of persons had a DRFS-eligible
event as their first recurrence event, which would cause them to be censored in both the IDFS
and DRFS curves; alternatively, some previously recurrence-free persons may have had a
locoregional recurrence and, simultaneously, an equal number of persons with locoregional
recurrence had a DRFS-eligible event.
We developed a set of assumptions to guide our conversion of the survival curves into monthly
probabilities of progression by type of recurrence. We opted to model the scenario in which the
fewest number of events needed to happen simultaneously to reproduce the observed change in
both survival curves. We calculated the hazard of first clinical event in the IDFS and DRFS
curves. We first adjusted these hazards for background mortality. If the hazard of first clinical
event in the DRFS curve exceeded the hazard of first clinical event in the IDFS curve, we
assumed that no persons had a locoregional recurrence – the hazard of first clinical event in the
IDFS curve was accounted for by persons whose first recurrence was distant, and the difference
in hazards was accounted for by persons with progression from locoregional to distant
recurrence. When the hazard of first clinical event in the IDFS curve exceeded the hazard of
censoring in the DRFS curve, the latter was entirely accounted for by progression-free persons
whose first recurrence was distant, and the difference between the two hazards reflected the
probability of a progression-free patient developing a locoregional recurrence.
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