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Abstract
Background: Larotrectinib is a precision oncology treat-
ment for solid tumors with neurotrophic tyrosine receptor 
kinase (NTRK) gene fusions. Larotrectinib efficacy has been 
evaluated in single-arm basket trials with limited follow-up 
and sample sizes at the initial regulatory approval due to 
the rarity of solid tumors with NTRK gene fusion. Objec-
tives: We aim to demonstrate that trends in progression-
free survival (PFS) and overall survival (OS) in survival data 
with longer follow-up may be predicted from long-term 
survival estimates from survival data with shorter follow-
up, including predictions for median survival when it is not 
observed in the trial. Methods: Patient-level data were 
pooled from 3 clinical trials (NCT02122913, NCT02576431, 
and NCT02637687) using the 2018 and 2020 data cuts for 
the same subset of pediatric and adult patients. The Weibull 
distribution was selected for survival models. Survival pre-
dictions using 2018 data were compared to 2020 Kaplan-
Meier (KM) curves. Results: A total of 102 patients repre-

senting 15 tumor types were included in the analysis, with 
a mean age of 37 years. When comparing PFS from the 
2018 survival prediction to observed 2020 KM data, the 
12-month PFS rate was identical (66.6%). The 36-month 
PFS rate was lower for the 2018 prediction (35.3%) com-
pared to 2020 KM data (44.4%). The median OS had not yet 
been reached in either data cut but was predicted to be 90 
months using the 2018 data. When comparing OS from the 
2018 survival prediction to the observed 2020 KM data, the 
12-month OS rate was 89.0% and 86.6% and the 48-month 
OS rate was 67.2% and 63.0%, respectively. Conclusion: 
Long-term PFS predictions deviated from observed PFS 
rates due to response differences across tumor types and 
heavy censoring towards the end of the survival curve. 
However, for OS, the 48-month survival prediction was 
consistent with the observed 2020 KM estimate.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Tumor-agnostic therapies target specific genomic al-
terations when treating cancer, as opposed to the tradi-
tional paradigm of targeting the tumor site regardless of 
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oncogenic driver. Tumor-agnostic therapies are typically 
investigated using single-arm basket trials due to the rar-
ity of the genomic alterations they target [1].

Larotrectinib is a tumor-agnostic therapy and highly 
selective Tyrosine Receptor Kinase inhibitor that is ap-
proved in many countries world-wide including the USA 
and European Union for solid tumors with neurotrophic 
tyrosine receptor kinase (NTRK) gene fusions [2, 3]. Due 
to the rarity of solid tumors with NTRK gene fusion, 
larotrectinib efficacy has been evaluated in single-arm 
basket trials with the initial regulatory approval and Na-
tional Institute for Health and Care Excellence health 
technology assessment based on the 2018 data cut with 
limited follow-up for overall survival (OS) and limited 
sample sizes [4–6], yet larotrectinib trials continue enroll-
ing and following patients over time.

Assessment of long-term clinical effectiveness is nec-
essary to inform clinical decision-making and involves 
the extrapolation of efficacy beyond the observed study 
period. Survival predictions are also valuable in estimat-
ing clinical benchmarks, such as median survival, when 
follow-up and the number of events are limited. The ob-
jective of the analysis was to investigate the consistency of 
long-term survival predictions for OS and progression-
free survival (PFS) for tumor-agnostic therapies, using 
larotrectinib as an example, with observed survival out-
comes in a later data cut.

Materials and Methods

We used pooled adult and pediatric patient-level data from 3 
larotrectinib clinical trials (Adult Phase I [NCT02122913], SCOUT 
[NCT02637687], and NAVIGATE [NCT02576431]) (N = 102) us-
ing the population included in the European label data cut, as-
sessed by both the independent review committee and investigator 
[4–6]. The same subset of patients was analyzed using the 2020 
data cut. Primary and secondary endpoints in the 3 larotrectinib 
trials include overall response rate, PFS, and OS [4–6].

Survival modeling is an established statistical method for esti-
mating long-term outcomes from clinical oncology studies where 
the main outcome is the time to an event of interest [7]. The 
Weibull distribution was selected based on statistical fit (i.e., test-
ing how alternative distributions best fit the observed data); this 
was the base case distribution for the larotrectinib National Insti-
tute for Health and Care Excellence health technology assessment 
submission [8].

Survival predictions using the 2018 data were compared to the 
2020 Kaplan-Meier (KM) curves. Our basis for comparison of 
survival predictions to the 2020 KM data was the time point at 
which 10% of patients were at risk of an event as the survival 
curves are reliable up to that time point [9]. Using this 10% cutoff, 
comparisons were made at 3 and 4 years for PFS and OS, respec-
tively.

Table 1. Patient characteristics common to both data cuts (2018 
and 2020)

Characteristic Value (N = 102)

Age
Mean (SD) 37.1 (26.6)
Age category, n (%)

<1 year 9 (8.8)
≥1 and ≤5 10 (9.8)
>5 and ≤11 8 (7.8)
>11 and ≤17 7 (6.9)
>17 and ≤44 22 (21.6)
>45 and ≤64 26 (25.5)
>64 and ≤74 14 (13.7)
>74 6 (5.9)

Sex, n (%)
Male 54 (52.9)
Female 48 (47.1)

Race, n (%)
White 74 (72.6)
Black 5 (4.9)
Asian 4 (3.9)
All others 19 (18.6)

Primary tumor site, n (%)
Appendix 1 (1.0)
Bone sarcoma 2 (2.0)
Breast 1 (1.0)
Cholangiocarcinoma 2 (1.0)
Colon 6 (5.9)
Congenital mesoblastic nephroma 1 (1.0)
GIST 4 (3.9)
IFS 13 (12.8)
Lung 7 (6.9)
Melanoma 7 (6.9)
Pancreas 1 (1.0)
Primary CNS 9 (8.8)
Salivary gland 17 (16.7)
Soft tissue sarcoma 21 (20.6)
Thyroid 10 (9.8)

Baseline ECOG, n (%)
0 47 (46.1)
1 44 (43.1)
2 11 (10.8)

Disease extent at enrollment, n (%)
Locally advanced 16 (15.7)
Metastatic 77 (75.5)
Other 9 (8.8)

Tumor stage at diagnosis, n (%)
I 10 (9.8)
II 16 (15.7)
III 25 (24.5)
IV 25 (24.5)
Not reported 26 (25.5)

SD, standard deviation; GIST, gastrointestinal stromal tumor; IFS, 
infantile fibrosarcoma; CNS, central nervous system; ECOG, Eastern 
Cooperative Oncology Group.
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Table 2. Patient characteristics that differ across 2018 and 2020 data cuts

Characteristic 2018 data cut (N = 102) 2020 data cut (N = 102)

Median duration of follow-up for OS, months 15.61 36.70
Best overall response to larotrectinib,* n (%)

Complete response 15 (14.71) 20 (19.61)
Surgical complete response 1 (0.98) 4 (3.92)
Partial response 51 (50.0) 42 (41.18)
Stable disease 12 (11.76) 12 (11.76)
Non-CR/Non-PD 2 (1.96) 3 (2.94)
Progressive disease 9 (8.82) 9 (8.82)
Not evaluable 3 (2.94) 3 (2.94)
Missing 9 (8.82) 9 (8.82)

CR, complete response; PD, progressive disease; OS, overall survival. * Best overall response determined by 
Independent Review Committee assessment.
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Fig. 1. a, b Comparison of 2018 and 2020 PFS and OS Kaplan-Meier data with 2018 PFS and OS Weibull predic-
tions. OS, overall survival; PFS, progression-free survival; KM, Kaplan-Meier; CI, confidence interval.

(Figure continued on next page.)
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Results

Patient Characteristics
A total of 102 patients were included in the analysis, 

with a mean age of 37 years (standard deviation = 26.6; 
shown in Table 1). Fifteen tumor types were represented, 
with the most common being soft tissue sarcoma (21%), 
salivary gland carcinoma (17%), infantile fibrosarcoma 
(13%), and thyroid carcinoma (10%).

When comparing patient characteristics across the 
2018 and 2020 data cuts, the median follow-up time for 
OS increased by 21.1 months (shown in Table  2). The 
proportion of patients with complete response or surgical 
complete response was higher in the 2020 data cut (23.5%) 
relative to the 2018 data cut (15.7%).

Progression-Free Survival
Using the 2018 data cut, the predicted median PFS 

for larotrectinib was 22.4 months. In comparison, the 

median PFS for the 2020 KM data was 33.4 months 
(shown in Fig. 1a). When comparing PFS from the sur-
vival prediction to observed 2020 KM data, the 
12-month PFS rate was identical (66.6%). The 36-month 
PFS rate prediction was an underestimate (35.3%) rela-
tive to the 2020 KM data (44.4%), yet the prediction 
largely remained within the 95% confidence interval for 
the 2020 KM data.

Overall Survival
Using the 2018 data cut, the median modeled OS for 

larotrectinib was 90.0 months (shown in Fig.  1b). The 
median OS was not yet reached in the 2020 KM data. 
When comparing OS results from the prediction using 
the 2018 data to the observed 2020 KM data, results were 
very similar, with 12-month OS rate of 89.0% and 86.6%, 
respectively, and 48-month OS rate of 67.2% and 63.0%, 
respectively.
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Discussion/Conclusion

We use 2 data cuts for the same patient dataset from 
basket trials for a tumor-agnostic therapy to evaluate the 
consistency of long-term survival predictions with ob-
served longer follow-up data. This research suggests that 
modeling survival data may accurately predict longer 
term survival outcomes for tumor-agnostic therapies, 
particularly for OS. Additionally, it may be used to pre-
dict median survival when it has not yet been reached. 
Similar conclusions have been reached in previous stud-
ies when applying these methods to cancer immunother-
apies [10, 11].

While PFS predictions largely remained within the 
95% confidence intervals of the 2020 KM data, the differ-
ence in the 36-month PFS rate was driven in part by re-
sponse differences across tumor types and corresponding 
censoring patterns. For example, among the 9 primary 
central nervous system patients, 5 were censored in the 
2018 data cut due to having achieved stable disease or 
partial response with no disease progression within the 
follow-up period. Those who were not censored had a 
median PFS of 3.7 months. In the 2020 dataset, only 2 
central nervous system patients were censored with me-
dian PFS increasing to 6.3 months. Notably, these differ-
ences did not translate to inaccuracies in OS predictions. 
The survival prediction with the 2018 data was consistent 
with 2020 survival outcomes for OS.

Despite inherent uncertainty in long-term survival es-
timates, this analysis found that survival predictions from 
data with shorter follow-up were generally consistent 
with observed survival using data with longer follow-up 
among the same subset of patients. A limitation of this 
study is the low number at risk beyond 3–4 years, hinder-
ing the reliability of comparisons beyond this time point. 
Future research should explore the applications of these 
methods to other tumor-agnostic treatments to evaluate 
the extent to which this approach translates to other ther-
apies and disease areas.
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