1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
j Radiother Oncol. Author manuscript; available in PMC 2020 September 01.

s HHS Public Access
L

Published in final edited form as:
Radiother Oncol. 2019 September ; 138: 45-51. d0i:10.1016/j.radonc.2019.05.011.

Toward personalized dose-prescription in locally advanced non-
small cell lung cancer: Validation of published normal tissue
complication probability models

M Thorl, J.0 Deasy?, A lyerl, E Bendaul, A Fontanellal, A Aptel, E Yorkel, A Rimner2, A
Jackson?
1Dept. of Medical Physics, Memorial Sloan Kettering Cancer Center, New York, US

2Dept. of Radiation Oncology, Memorial Sloan Kettering Cancer Center, New York, US

Abstract

Purpose: To identify published normal tissue complication probability (NTCP) models suitable
for patient-specific dose-prescription in locally advanced non-small cell lung cancer (LA-NSCLC)
through in-house validation.

Material and Methods: From eight previously published candidate NTCP models (=grade 2
acute esophagitis and radiation pneumonitis; AE2, RP2), patient-specific dose-responses were
calculated using model variables and fractionation-corrected doses for 241 LA-NSCLC patients
treated with chemo-IMRT to 50-80Gy@1.8-2.0Gy between 2004 and 2014 (AE2/RP2 rate: 50%/
12%). A model was judged final if it significantly predicted AE2 or RP2 (p<0.05), was
discriminative and well calibrated (AUC>0.60; Hosmer-Lemeshow test py, >0.05), which were
assessed as the median over 1000 bootstrap samples.

Results: Models for AE2 had superior discrimination to RP2 models (AUC=0.63-0.65 vs. 0.51-
0.65). The final AE2 model included mean esophageal dose and concurrent chemotherapy
(AUC=0.65; p<0.0001). The final RP2 model was a slightly adjusted version of the RP2 model
with the best discrimination, and included age, mean lung dose, and pulmonary comorbidity
(AUC=0.73; p<0.0001).

Conclusion: Of the eight investigated and published NTCP models, one model successfully
described AE2 and one slightly adjusted model successfully described RP2 in the independent
cohort. Estimates from these two NTCP models will, therefore, be considered internally when
prescribing patient-specific doses in LA-NSCLC patients.

Keywords
radiotherapy; lung cancer; toxicity; dose response; esophagitis; pneumonitis

Corresponding author: Maria Thor, Dept. of Medical Physics, Memorial Sloan Kettering Cancer Center, 485 Lexington Ave, NYC,
NY 10012, (+1) 646-888-8013, thorm@mskcc.org.




1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Thor et al. Page 2

Introduction

Outcomes after radiotherapy (RT) for inoperable locally advanced non-small cell lung
cancer (LA-NSCLC) have been poor, with associated median survival times barely
approaching 30 months since randomization [1]. Efforts to further increase the efficacy of
RT for these patients have focused on population-based dose-escalation, e.g., RTOG’s 0617
randomized controlled phase Il trial in which a standard 60Gy was compared to an
escalated 74Gy prescription dose [1]. However, given shorter than anticipated survival times
in the 74Gy arm, a 60Gy prescription dose is still the standard almost 40 years after first
being established [2].

A likely normal tissue-related explanation for the failure of dose-escalation in RTOG 0617
was given in their multivariate overall survival model: both heart dose and severe acute
esophagitis (AE) lead to shorter survival times [1]. These results suggest that taking into
account an individual’s likelihood of developing normal tissue injuries may aid in better
tailoring patient-specific prescription dose levels. Also, a secondary analysis of the RTOG
0617 data demonstrated that patients treated with intensity-modulated RT (IMRT) had
significantly lower heart doses compared to patients treated with three-dimensional
conformal RT (3DCRT) [3]. Therefore, the use of IMRT over 3DCRT is likely to further
minimize normal tissue doses.

Patient-specific dose-prescription aims to tailor the total dose and the number of fractions to
give the maximum achievable biologically equivalent tumor dose that respects current dose-
volume constraints and patient-specific normal tissue complication probability model
(NTCP) limits. Others have previously adopted such a ‘model-based approach’, based on
multivariate models, for the purpose of selecting patients for photon or proton therapy [4],
and there are also examples in which patient-specific dose levels have been suggested based
on NTCP estimates from the Lyman-Kutcher-Burman model [5, 6]. To the best of our
knowledge, incorporation of patient-specific NTCP estimates from multivariate models
(including disease, patient and treatment characteristics) has, thus far, not been explored in
order to estimate patient-specific dose-prescriptions.

The purpose of this study was to identify published NTCP models applicable to RT for lung
cancer, and to validate these in a large, independent, inoperable LA-NSCLC cohort. Models
with satisfactory performance will be incorporated and their associated estimates used in a
planned prospective clinical protocol investigating patient-specific dose-prescription for this
group of patients.

Methods and materials

The goal was to identify NTCP models that could be used to guide patient-specific dose-
prescription in chemo-IMRT. A total of eight published NTCP models relevant to toxicities
after LA-NSCLC RT were identified. Of these, four models attempted to predict =grade 2
acute esophagitis (Models: AE2p11-m4) [7-10], and four models >grade 2 radiation
pneumonitis (Models: RP2p1.m4) [10-13].
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Published acute esophagitis models

AE2p\1-m4 Were logistic regression-based of type 1/(1+e7%); x in each of the four models
was:

AE2y;: — 3.1+ (ConChemo e 1.50) + (Dmeang ¢ 0.07) [7]

AE2,;,: — 1.8+ (ConChemo e 1.49) + (Dmeang , ¢ 0.09) [8]

AE2);;: — 6.4+ (ConChemo e 2.65) + (Dmeang, ® 0.12) + (Female e 1.20) +  [9]
(Primary Tstage > 3 ¢ 0.99)

AE2y,,: —3.9 + (TxDays ® 0.05)+(D25, ® 0.01)+(D40, #0.04) [10]

More specifically, AEp1-3 had been derived from three cohorts consisting of 374, 115, and
149 lung cancer patients (stage 111 NSCLC: 71%, 75% (=stage I1), 99%) treated with
conventionally fractionated 3DCRT [7, 8] or IMRT [9]. The AE2 rates (corresponding to AE
requiring medical attention or care) in these three cohorts were 32%, 82% and 36%.
Concurrent chemotherapy (ConChemo) as opposed to no/sequential chemotherapy and mean
esophageal dose (Dmeangg,) predisposed for AE2 [7-9]. In addition, AE2),3 encompassed a
gender covariate and a primary tumor stage (T stage) covariate in which being female and
having T stage=3, respectively, increased the risk of AE2 [9]. AE2)\y4 included the minimum
dose to the hottest 25% and 40% of the esophagus volume (D25gs,, D40gs,) and the number
of treatment days (TxDays) [10]. This model had been derived from 278 patients (NSCLC:
78%) treated either with conventionally fractionated 3DCRT or IMRT, or with stereotactic
body RT, and the associated AE2 rate for the same definition as in the three aforementioned
studies was 22%.

Published radiation pneumonitis models

Similar to AE2p1-m4, RP2M1-m4 [10-13] were also logistic regression-based, and RP2p41
and RP2y» [10, 11] were of type 1/(1+e7) in which xwas:

RP2,;,: —3.5+(DI0

Heart ® 0:02) + (DmeanLurlg e 0.06) [11]

RP2y;,: — 3.8 + (Dmaxy,,, ® 0.02) + (D65, .  0.3) + (TxDays ¢ 0.02)  [10]

Lung
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RP2)\3 and RP2)4 were also of type 1/(1+e7X), but were presented somewhat differently
[12, 13]. More specifically, xin RP2);3 was:

-39+ (DmeanLung ¢ (0.06)

This expression resulted in a dose for a 50% complication rate (Dsgg) of 30.8Gy with a
steepness (ys5o) of 0.97 [12]. RP2)y4 Was a direct development of RP2),3 but the dose-
response curve for RP2y,3 was modified to also incorporate effects of six disease, patient,
and treatment characteristics represented as Odds Ratios (ORs) [13], adopted from a
preceding meta-analysis [14], which involved approximately 1000 patients. The exact
number of patients for each characteristic is given in Table 1. These characteristics were age
(cut-point: 63 years; OR=1.66), current smoker (OR=0.62), former smoker (OR=0.69),
inferior/middle tumors (OR=1.87), pre-existing pulmonary comorbidity (chronic obstructive
pulmonary disease or general pre-existing lung disease: OR=2.27), and sequential as
opposed to ConChemo (OR=1.60). All ORs were included multiplicatively; patient-specific
dose responses were modified as follows:

D5, = D01 - 0.25/750(n(OR))

risk _ 0 _ 0.253n(OR))

750 50

Where Dso? and 500 were the values appropriate for patients with no risk factors. To
reproduce QUANTEC’s population based dose-response curve [12], Appelt et a/[13] found
that D5o?=34.4Gy and y50°=1.19.

For RP2)\11, the RP2 rate was 23% six months after primarily conventionally fractionated RT
in 209 NSCLC patients, and RP2 had been aggregated from two scoring systems (requiring
steroids/persisting cough requiring narcotic or dyspnea during minimal effort) [11]. The RP2
rate in RP212 was 13%, which had been assessed as limiting activities of daily living and
indicating medical intervention at a median of 4.7 months. The cohort is the same as the
AE2)\14 model [10] and is described in more detail above. The data for which RP2),3 was
derived were synthesized from ten studies in which a total 1175 patients were most
commonly treated with conventionally fractionated 3DCRT with an across study median
RP2 rate of 16% [11]. Of note, a variety of scoring systems and grades had been used. For
example, in the three cohorts that included >200 patients, RP was scored using two different
scoring systems, a total of three grades, and three follow-up time intervals (no limit, six
months, or one year). Notwithstanding, the phrasing RP2 will henceforth be used when
referring to RP in all four models.

Independent validation cohort data

All stage I11A and 111B LA-NSCLC patients treated at the Memorial Sloan Kettering Cancer
Center between 2004 and 2014 initially qualified for inclusion in this study [15, 16]. Since
the ultimate goal was to guide patient-specific dose-prescription prospectively based on
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NTCP models, inclusion was limited to patients treated with regimens likely to be used in
the future, 7.e., chemotherapy combined with CT-based IMRT planning. A total of 241
patients fulfilled these criteria. These patients had been treated with chemo-IMRT
(concurrent/sequential: 64%/36%) to a median of 64Gy (range: 50-80Gy) in 1.8Gy or 2.0Gy
fractions. Dose was prescribed to the primary tumor and positron emission tomography
(PET) positive lymph nodes. All dose distributions were re-calculated with our currently
used dose calculation algorithm (Eclipse AAA v.13, Varian Medical Systems, Palo Alto,

CA, US).

The esophagus was re-segmented to extend from the cricoid cartilage to the gastro-intestinal
junction, the lung volume was defined as the total lung volume minus the gross target
volume and tumor-involved lymph nodes, and the heart included all chambers and extended
superiorly from the pulmonary artery split to its inferior terminus. Both AE2 and RP2 had
been scored according to CTCAE v.4.03, and corresponded to altered eating/swallowing
indicating oral supplements for AE, and limiting activities of daily living and indicating
medical intervention for RP. The AE2 and RP2 rates were 50% and 12%, respectively. The
distribution of model variables is summarized with those in the respective derivation cohorts
in Table 1.

Evaluation of published models

Before evaluating the performance of each model, relevant dose-volume metrics in the
independent cohort were converted from physical dose to equivalent doses in 2 Gy fractions
assuming a/p=10 Gy for AE2 [17], and a/B=3 Gy for RP2 [12]. Evaluation of model
performance adhered to the Transparent Reporting of a multivariate prediction model for
Individual Prognosis Or Diagnosis (TRIPOD) statement [18], and more specifically to a
TRIPOD Type 4 model. In particular, calibration and discrimination were assessed.
Calibration was evaluated in quintiles by the Hosmer-Lemeshow test (py) [19], and
discrimination by the area under the receiver-operating curve (AUC) and p-values from the
correlation between observations and predictions. Significantly predictive models (p<0.013
given four models/tests per endpoint) being well discriminative (AUC>0.60) and with
pH>0.05 were considered final. If multiple models presented with the same AUC, the
model better adhering to the identity line, and as encouraged by TRIPOD, in the plotted
calibration curves between model predictions and observations was considered final.
Published model coefficients were applied to the corresponding variables in the independent
cohort, and internal generalizability was evaluated over 1000 bootstrap samples (/.e.,
calibration and discrimination measures are reported as the median values across these 1000
samples). It should be emphasized that to enable fair comparisons of the performance across
models, their associated coefficients were not re-fitted.

For the final models, re-fitting was ultimately performed and the resulting performance was
compared to that of the original, /.e., non re-fitted models. If not explicitly addressed by the
final model, the following disease, patient, and treatment characteristics were additionally
investigated (with the exception of Appelt ef a/[13], given that the model variables were
assessed from a larger meta-analysis [14]): age, current smoker, former smoker, gender,
histology, hypertension, Karnofksy performance status (KPS), tumor inferior-superior
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location, tumor laterality, and tumor stage. The significance level was adjusted from 5% to
take into account the number of tests performed for each model. This approach also used
logistic regression with bootstrap resampling. All analyses were performed in MATLAB
R2016a, and extraction of dose-volume data was performed in the computational
environement for radiological research, CERR [20].

Concurrent chemotherapy and mean esophageal dose predict acute esophagitis

All four AE2 models significantly explained AE2 in the independent cohort (p<0.0002;
Table 2; Fig 1; Fig S1), and discrimination was similar across all models (AUC=0.63-0.65).
From the calibration curves in Fig S1, predictions by AE2)y; and AE2p3 typically
underestimated the observed AE2 rates for primarily low to intermediate risks, but AE2pq
was overall well calibrated whereas AE2),3 was not. In contrast, predictions by AE2y,, and
in particular AE2)4 overestimated the observed AE2 rates. Since AE2);; presented with the
overall highest discrimination and was well calibrated (AUC=0.65) this model was
considered the final NTCP model for AE2.

Re-fitting AE2),; in the independent cohort generated somewhat different regression
coefficients for both ConChemo and Dmeangsq, but these differences did not produce
substantially better model performance compared to the original AE2p;1 model (AE2pq vs.
re-fitted: AUC=0.65 vs. 0.65). Also, replacing Dmeanggo with our best dose-volume metric
D40gq,, and refitting D40g,, together with ConChemo in the independent cohort did not
improve model performance considerably (AUC=0.66). None of the nine additionally
investigated disease/patient/treatment characteristics significantly predicted AE2.

Models combining dose with disease and patient characteristics better predict radiation
pneumonitis relative to ‘dose-only models’

Overall, discrimination of RP2y;1.pm4 Was lower compared to that of AE2y1-ma (AUC=0.51—
0.65 vs. AUC=0.63-0.65; Table 2; Figs 1, 2, S1). Predictions by RP2p;, and RP2),3
overestimated and underestimated the observed RP2 rates, respectively (AUC=0.51 vs.
0.57). Although RP2)41 presented with an AUC of only 0.51, this model was reasonably
calibrated. Of all four RP2 models, RP2)y4 was the only discriminative model (AUC=0.65)
and was at this stage deemed the final NTCP model for RP2.

However, since the RP2yy4 predictions typically underestimated the observed RP2 rates,
each of the six model variables in RP2yy4 was further investigated. Only age and pulmonary
comorbidity significantly predicted the observed RP2 rates (p=0.001, 0.003). For this
analysis, age was (similar to the approach taken by Appelt ef a/[13]) dichotomized at 63
years, and the significance level was adjusted from 5% to 0.8% given six investigated
variables/performed tests. The procedure performed in [13] was repeated but including only
age and pulmonary comorbidity. The goal was to estimate the combination of Dsq? and ys°
(given only two risk factors in comparison to six for which Dgo? and 502 were estimated in
[13]) that would lead to a predicted RP2 risk as close as possible to that of QUANTEC’s,
and use these to assess patient-specific predicted RP2 risks. A more detailed explanation to
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this procedure is given in the Supplementary material. The variable-specific prevalence and
ORs were taken from [13]. Using instead these patient-specific RP2 risks, forming a
modified RP2p4 (RP20mamod), resulted in a significant relationship (p=0.0001) with superior
discrimination and calibration compared to that of RP2)s4 (AUC=0.73 vs. 0.65; Fig 3).
Hence, RP2p1amod Was judged the final NTCP model for RP2.

Discussion

Previous attempts devoted to improve outcomes after RT for LA-NSCLC have mainly
focused on population-based dose-escalation. However, such approaches have not proven
viable [1]. Aiming instead at patient-specific dose-prescription, we in this study sought to
identify relevant published NTCP models for use in determining dose prescriptions that
would respect individual patients’ tolerances based on NTCP estimates. Of eight identified
NTCP models, one model focusing on acute esophagitis and one modified model focusing
on radiation pneumonitis (AE2, RP2) successfully described AE2 and RP2 in the
independent validation cohort, and were, therefore, considered final. Consequently, these
two models will be considered suitable for use in the planning of a prospective protocol of
patient-specific dose-prescription of LA-NSCLC patients.

The final AE2 model (AE2),1) indicated that patients with higher Dmeangg, who are
administered concurrent chemotherapy are more likely to develop AE2 [6]. Assuming an AE
rate corresponding to that observed in the current cohort (AE2=50%), the goal according to
AE2)1 should be to limit Dmeangs, to below 23Gy for patients receiving concurrent
chemotherapy. The three other investigated AE2 models [8-10] typically included
concurrent chemotherapy with the same or other esophageal dose parameterizations, but
these models did not describe the AE2 rates in our validation cohort as well as AE2p;.
Further, neither re-fitting AE2yy1, nor replacing Dmeangg, with the best univariate dose-
volume predictor (D40gs,) improved the performance over that of the original AE2),1. None
of the additionally investigated disease, patient, or treatment characteristics (age, current
smoker, former smoker, gender, histology, hypertension, KPS, tumor inferior-superior
location, tumor laterality, and tumor stage) significantly predicted AE2. Interestingly, even
though the definition of AE2 differed to a lesser extent across the four investigated AE2
models compared to that of the four RP2 models, the performance of the final AE2 model
was less satisfying compared to the final RP2 model (AUC=0.65 vs. 0.73). It is, therefore,
likely that incorporation of factors currently unaccounted for may improve model
performance. One source of additional and potentially prognostic information for this
purpose may come from PET imaging of the esophagus. For instance, within a LA-NSCLC
cohort of 79 patients, Niedzielski ef a/[21] found that mid-treatment PET distributions
significantly predicted AE2 with AUCs in the range 0.91-0.92.

Of the four investigated RP2 models [10-13], the only model describing RP2 reasonably in
the independent cohort was the RP2)y4 model [13]. In addition to Dmean_yng, RP24 also
indicated that advanced age, having no smoking history, pre-existing pulmonary
comorbidity, presenting with inferior or middle tumors as opposed to superior tumors, and
being treated with sequential compared to concurrent chemotherapy, predisposed patients for
RP2. Univariate analysis of each of these characteristics, however, indicated that only
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advanced age and having pre-existing pulmonary comorbidity significantly predicted RP2 in
our validation cohort. Our modified response, including only these two risk factors (as
opposed to all six from [13]) resulted in both better discrimination and calibration
(AUC=0.73 vs. 0.65), which lead to the selection of RP2pamod as the best model for RP.
Although model performance of this final RP2 model was superior to that of the final AE2
model (AUC=0.73 vs. 0.65), incorporation of other factors (such as pre-treatment imaging of
the normal lung) may provide additional prognostic information for RP2. Similar to AE2,
PET information (pre-treatment of the lung) has been found to predict mild dyspnea [22]. In
addition, interstitial lung disease assessed from pre-treatment CT scans has been associated
with severe and fatal RP [23]. If any image-derived information (or any other information
not investigated here) proves predictive, it could be incorporated into RP2pamoqg in a similar
way, as this model was developed from RP2)4 in this study (Supplementary material).

Conclusions

In the effort to identify published NTCP models appropriate for patient-specific dose-
prescription respecting individual patient’s tolerance doses in RT for lung cancer, one AE2
model and one modified RP2 model were found to be relevant. Similar external efforts are
encouraged, but model performance should be re-assessed particularly in cohorts
considerably different from the LA-NSCLC cohort investigated here. As a starting point, to
manage AEZ2, a lower mean esophageal dose will be considered for patients assigned to
concurrent chemotherapy. The modified RP2 model indicated that in order to manage the
rate of RP2, the mean lung dose should be further minimized in particular for older patients
presenting with pulmonary comorbidity. Our overall prospective goal will be to continuously
collect new patient-specific prognostic information that will improve the performance of
models, and use them to improve the treatment and accordingly the outcomes for LA-
NSCLC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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independent cohort. Note: AE2 predictions are given by blue lines; observed AE2 is denoted
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Table 1.
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Distribution of variables in the identified AE2 and RP2 models (AE2pm1-ma4; RP2Mm1-m4a) in each derivation
cohort, if available, and in the independent cohort.

Model [ref]
AE2y [7]

AE2y, [8]

AE2\3 [9]

AE2y4 [10]

RP2y; [11]

RP2, [10]

RP2y3 [12]
RP2y4 [13]

Model variables
1. Concurrent chemotherapy
2. Dmeangso [Gy]
1. Concurrent chemotherapy
2. Dmeangso [Gy]
1. Concurrent chemotherapy
2. Dmeangso [GY]
3. Female
4. Primary T stage=
1. Treatment days [d]
2. D25gs0 [GY]
3. D40eso [GY]
1. D10keart [GY]
2. Dmean ynq [GY]
1. DMaXyeart [GY]
2. D65 yng [GY]
3. Treatment days [d]
1. Dmeany g [Gy]
1. Dmeany yng [GY]
2. Age>63y
3. Current smoker
4. Former smoker
5. Inferior/middle tumor

6. Pulmonary comorbidity

7. Sequential chemotherapy

Derivation cohort
24 (90)
25 (range: 0.02-62)
74 (85)
22 (12)
62 (92)
N/A
35 (52)
48 (72)
24 (17)
25 (22)
15 (18)

41 (range: 0.1-81)
median: 18 (range: 4-33)
48 (36)

2(2)

24 (17)

N/A
N/A
N/A; mean: 65y; 8 studies
28 (150; 3 studies)
66 (221; 2 studies)
44 (297; 4 studies)
26 (120; 4 studies)

26 (287; 8 studies)

Independent cohort
64 (155)
27 (8)
64 (155)
27 (8)
64 (155)
27 (8)
52 (125)
46 (111)
46 (6)
52 (13)
37 (19)
36 (18)
12 (2)
65 (13)
3(2)
46 (6)
12 (2)
12 (2)
62 (149); mean: 66y
31 (74)
62 (149)
35 (84)
28 (68) "
36 (86)

Note: Distribution of continuous variables is given as the mean (standard deviation), and binary variables as % (n) unless otherwise specified; all
dose-volume metrics are presented as EQD?2 in the independent cohort (cf. Material and Methods for further details), and as reported (typically not

fractionated corrected) for each model. For [13], the number of studies for which the prevalence was estimated is given as well.

*
Pulmonary comorbidity: Asthma, bronchiectasis, or chronic obstructive pulmonary disease.
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Table 2.
Validation of the eight published AE2 and RP2 models (AE2p11-m4; RP2Mm1-ma) in the independent cohort.

Model [ref] Model variables Independent cohort
AUC p-value | pyL
AE2\; [7] | 1. Concurrent chemotherapy 0.65 53e™5 | 0.60
2. Dmeangso [Gy]
AE2y, [8] | 1. Concurrent chemotherapy 0.64 5.8e5 | 0.29
2. Dmeangso [Gy]
AE2\3[9] | 1. Concurrent chemotherapy 0.65 4.6e75 | 0.99
2. Dmeangso [Gy]
3. Female
4. Primary T stage=>3
AE2y4 [10] 1. Treatment days [d] 0.63 1.8e74 0.34
2. D25g50 [GY]
3. D40gso [GY]
RP2y; [11] 1. D104eqr [GY] 051 056 | 0.68
2. Dmean yng [GY]
RP2y, [10] 1. DMaXyeart [GY] 0.51 0.60 | 0.37
2. D65 yng [GY]
3. Treatment days [d]
RP2\3 [12] 1. Dmeany yng [GY] 0.57 0.39 0.89
RP24 [13] 1. Dmean ynq [GY] 0.65 0.07 | 0.90

2. Age>63y
3. Current smoker
4. Former smoker
5. Inferior/middle tumor
6. Pulmonary comorbidity

7. Sequential chemotherapy

Page 14

Note: AUC, p-values (from the correlation between observations and predictions), and pHL are given as the median across the 1000 Bootstrap

samples.
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