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Abstract

Purpose—To investigate angular sensitivity of proton range variation due to anatomic change in
patients and patient setup error via water equivalent path length (WEPL) calculations.

Methods—~Proton range was estimated by calculating WEPL to the distal edge of target volume
using planning CT (pCT) and weekly scatter-corrected cone-beam CT (CBCT) images of 11 head
and neck patients. Range variation was estimated as the difference between the distal WEPLs
calculated on pCT and scatter-corrected CBCT (cCBCT). This WEPL analysis was performed
every five degrees ipsilaterally to the target. Statistics of the distal WEPL difference were
calculated over the distal area to compare between different beam angles. Physician-defined
contours were used for the WEPL calculation on both pCT and cCBCT, not considering local
deformation of target volume. It was also tested if a couch kick (10°) can mitigate the range
variation due to anatomic change and patient setup error.

Results—For most of the patients considered, median, 75% quantile, and 95% quantile of the
distal WEPL difference were largest for posterior oblique angles, indicating a higher chance of
overdosing normal tissues at distal edge with these angles. Using a couch kick resulted in decrease
in the WEPL difference for some posterior oblique angles.

Conclusions—It was demonstrated that the WEPL change has angular dependency for the
cohort of head and neck cancer patients. Selecting beam configuration robust to anatomic change
in patient and patient setup error may improve the treatment outcome of head and neck proton
therapy.
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1. Introduction

Treatment outcome of proton therapy can deteriorate due to geometric uncertainties, such as
anatomic change in patients and patient setup error [1-3]. Many head and neck cancer
patients undergo substantial weight loss over the course of radiation treatment, resulting in
unexpectedly excessive irradiation to normal surrounding tissues [4,5]. Furthermore, there
still remains a possibility of misalignment that may negatively affect treatment outcome
even when six degrees-of-freedom couch correction is performed using daily treatment
imaging modality such as CBCT. Dosimetric impact of patient setup uncertainty was
reported in previous studies [6,7]. Although proton therapy has dosimetric advantage over
photon radiotherapy [8-11], rapid fall-off at distal edge can make proton therapy more
sensitive to geometric uncertainties.

Range uncertainties have been dealt in robust optimization in many previous studies: (1)
patient setup error and (2) range calculation uncertainty due to stopping power conversion
error [12-17]. In the previous studies, the optimized treatment plan resulted in better clinical
outcomes under the existence of such range uncertainties, for instance, 3 mm of patient setup
error and 3.5% of range uncertainty.

Finding proton beam configuration robust to geometric uncertainties should be an interesting
research question in the area of robust optimization since it can further improve plan
robustness compared to experience-based proton beam angle selection. In Cao ef a/. [18], a
beam angle optimization was performed to find a robust beam angle configuration for
intensity-modulated proton therapy (IMPT). As results, better organ sparing was achieved
with all plans with optimized beam angles than those with conventionally chosen beam
angles.

Optimal beam angle selection for proton therapy can be also achieved by estimating range
variation via WEPL calculation [18,19]. Recently, Yu et al. investigated a feasibility of
WEPL-based beam angle selection method for plan robust optimization of IMPT of
esophageal cancers [19]. In this previous work, WEPL was calculated to estimate range
variations due to respiratory and diaphragmatic motion during free breathing. The IMPT
plan calculated with the beam configuration favored by the WEPL analysis was shown to be
also dosimetrically favorable, demonstrating the feasibility of the WEPL analysis to select
proton beam angles robust to anatomic change in patient and patient setup error.

The purpose of this study is to investigate angular dependency of the range variation
estimated via WEPL calculation due to anatomic change in patient and patient setup error
during a course of head and neck proton therapy. To the best of authors’ knowledge, this is
first to use scatter-corrected CBCT images to assess the angular sensitivity of the
longitudinal range variation due to anatomic change in head and neck patients. Advanced
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understanding of the angular dependency of the range variation may result in better selection
of proton beam angles, thus improve treatment quality under the existence of the geometric
uncertainties.

Material and Methods

Data acquisition

Eleven head and neck cancer patients who received photon radiotherapy and weekly CBCT
exams as well as a planning CT exam were considered for a retrospective study. Two
patients out of 13 patients included in the previous study [20] were removed in this study.
For the two patients eliminated, WEPL calculation was not feasible for some range of angles
since the CBCT scans were incomplete due to field of view cropping of CBCT. For
treatment planning, patients were initially examined using a large bore GE CT scanner with
140 kVp tube voltage, 0.6-1.1 mm pixel size, and 2.5 mm slice thickness. For patient
positioning and weekly verification of setup, patients were re-scanned at treatment using an
Elekta XVI system with 100 kVp tube voltage, 10 mA tube current, 10 ms exposure time, no
bowtie filter, and small panel position (centered detector, full fan) with a 20 cm collimator.
The patients were scanned on a weekly basis, but some patients were additionally scanned if
necessary. The number of days elapsed after planning CT exam to each CBCT scan are
summarized in Table 1.

Each reconstructed CBCT image was subject to the CBCT scatter correction process. Recent
studies demonstrated the feasibility of calculating WEPL on CBCT via scatter correction
either using deformable image registration [21-25] or using & priori-based algorithm [20,26—
29]. In this study, an existing a priori-based CBCT scatter correction algorithm was utilized.
The resulting scatter-corrected CBCT images were reconstructed into an image with a field
of view of 400 x 400 mm? and a CT scan length of 200 mm; the voxel size was 1.0 mm for
each direction (details of the CBCT scatter correction can be found in Kim éf a/. [20]). Each
scatter-corrected CBCT image was aligned using a 6 degrees-of-freedom rigid
transformation (translation/rotation) obtained by an automatic rigid registration using
Plastimatch [30]. Finally, the scatter-corrected CBCT image aligned to pCT, which is
denoted by cCBCT, represented the patient anatomy during radiation treatment.

2.2. Target volume definition

Physician-defined contours of target volume generated for treatment planning and rigidly
aligned to the weekly CBCT images were utilized for the WEPL calculation on pCT and
cCBCT images. Figure 1 shows a physician-defined tumor contour overlaid on axial cuts of
(@) planning CT image and (b) scatter-corrected CBCT image (last available fraction) of
patient 1. The tumor contour was relatively well aligned in the middle of the patient where
less volumetric change occurs compared to peripheral regions. The rigidly-aligned contour
near the patient’s exterior shows volumetric loss during radiation treatment. Using rigidly
aligned contours allows for the constant comparison of distal WEPL values across the entire
treatment course and displays the effects of using a single treatment plan.
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2.3. Distal WEPL difference

Distal edges were detected from the target contours and WEPL was calculated to the
resulting distal edges (distal WEPL) using an in-house software. The proton range variation
due to anatomic change and patient setup error was evaluated by calculating variation in the
distal WEPL, AWEPL. To calculate AWEPL, WEPLs were calculated to the distal edges of
target volume with baseline pCT and weekly cCBCT. Equation (1) describes the
mathematical definition of AWEPL.:

AWEPL = WEPL, . — WEPL (1 M

where WEPL et and WEPL cgcT represent WEPL calculated using pCT and cCBCT,
respectively.

When using a rigidly-aligned target, the inclusion of voxels outside the patient can affect the
distal WEPL variation calculation of Equation 1 but only for small regions of the distal
surface for beams with a limited angular range parallel to the skin surface. This is because
the changes in the skin surface displayed in Figure 1 would be in the proximal region for
most beam directions. To evaluate the effects of the using rigidly-aligned targets that might
include some distal points outside the patient, the distal WEPL analysis was repeated after
elimination of all voxels outside the patient surface for Patient 1 which displayed the largest
anatomic changes.

2.4. Angular AWEPL calculation

In order to see if the range variation due to anatomic change and patient setup error has
angular dependency, AWEPL was calculated for proton beam angles between 0° and 180°
with an interval of 5° when the target volume was located on the left side of the patient
(angles between 180-360 ° were used for the target volume on the right side); the angles
were represented following the standards provided by the International Electrotechnical
Commission (IEC 61217). In Table 1, it was summarized on which side of the neck the
target volume considered for the WEPL calculation was located. This WEPL difference
calculation was performed for each of the weekly CBCT scans to see its time dependency as
well as angular dependency. Statistics of the distal WEPL difference were calculated to
compare for the proton beam angles considered: median and quantiles (5%, 25%, 75%, and
95%).

Moreover, the impact of couch kick on the WEPL variation was investigated. Specifically, it
was tested if using a couch kick can reduce the range variations geometrically amplified as
proton beams pass through trapezius muscle in the patient shoulder. The rationale behind
this test is that small geometric change in the shoulder can result in large range variations;
the muscle exterior is nearly parallel to the proton beams without couch kick. Superior
oblique beam angles were simulated by rotating both pCT and cCBCT images by 10° for the
patients having the target volume on the right side (by —10° for the others). This couch kick
test was performed for three patients (patients 1, 2, and 8), for which some shoulder region
was included within the CBCT FOV.
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It was investigated how much the statistics of WEPL difference were influenced if the points
outside the patient were removed. A few points in the distal edge of the target volume were
located outside the patient geometry at treatment due to volumetric loss. The WEPL
differences calculated at these off-patient points may not be clinically relevant in case that
the corresponding proton rays do not pass through anywhere in the patient.

3. Results

3.1. Angular variation of distal WEPL

Figure 2 shows the beam’s eye view (BEV) distal WEPL difference maps calculated with
two different proton beam angles, anterior oblique (45°) and posterior oblique (135°) for
patient 1. Some aspects of angular dependency can be seen in the comparison of the BEV
WEPL difference maps in Fig. 2. WEPL differences over all distal area were larger for the
posterior oblique beam than for the anterior oblique beam: 6.6 + 2.8 mm vs. 9.2 £ 7.0 mm.
These results demonstrated that the same volumetric change (seen in Fig. 1) resulted in
different WEPL differences depending on the proton beam direction. It is noted that the
WEPL calculation uncertainty using scatter-corrected CBCT (2% of WEPL demonstrated in
Park et al. [28]) was found to be relatively small compared to the resulting WEPL
differences.

Figure 3 shows both temporal and angular variations of the distal WEPL difference for
patient 1. Median and four different quantiles (5%, 25%, 75%, and 95%) of the distal WEPL
difference were displayed in box plots for 219 (black), 41" (dark gray), and 6% (light gray)
weeks. For all the beam angles considered, the distal WEPL difference increased with the
number of treatment fractions that the patient underwent. As can be seen in Fig. 3, the
WEPL calculation results show that overdosing normal tissues at distal edge is more likely
to occur than underdosing the target volume. With anterior and posterior beams, insufficient
radiation dose can be delivered to some of the target volume for this patient, possibly due to
patient setup error. The median values of the WEPL differences were between 0 and 10 mm
for all the beam angles. Large distal WEPL differences were most found with posterior
oblique angles for this patient, i.e. 120-150°.

Details of the distal WEPL difference calculated for the last weekly fraction of patient 1 can
be further explored in Figure 4, supplementing Figure 3. Percentages of the distal WEPL
difference for different ranges were displayed in a stacked bar graph. Different
characteristics of the range variation can be seen for the beam angles considered. First, with
anterior and posterior angles, both overshooting and undershooting are expected. It is noted
that, however, with posterior angle the highest percentage was obtained for -5 < AWEPL <5
mm. Second, for the angles between 60 and 100°, the percentage of undershooting (AWEPL
< 0 mm) was less than 1%. In addition, for these angles (60-100°), the percentage of the
distal WEPL differences over 10 mm was relatively small. Some posterior oblique angles
(120-150°) showed higher percentages of such large WEPL differences. For instance, the
maximum percentage of AWEPL = 10 mm was found to be 40% at the angle of 135°.

Figure 5 shows angular variation of WEPL difference for all patients. Similar angular
dependency of distal WEPL difference seen in Fig. 3 was also seen in Fig. 5, demonstrating
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that a common angular dependency can be observed in majority of the patient cohort
considered. Using anterior and posterior beam angles (0° and 180°) may have higher
chances of both underdosing target volume and overdose normal tissues at distal edge
compared to lateral beam angles (60-100°). In general, posterior oblique angles (120-160°)
and anterior angle (0°) were most sensitive to anatomic change and patient setup error in
terms of overdosing normal tissue. For all the beam angles taken into consideration, most of
the WEPL differences were found to be between 0 and 10 mm. Maximum overshooting
(95% quantile) was within 15 mm and median value of WEPL difference was within 5 mm
for all the beam angles. Table 2 summarizes the statistics (median, 95% quantile, and 5%
quantile) of the distal WEPL differences calculated for various beam angles (0°, 20°, 40°,
60°, 80°, 100°, 120°, 140°, 160°, and 180°) for all patients. Considering all the statistical
metrics, lateral beams of 60-100° were found to be optimal to minimize the range variations
due to anatomic change in patient and patient setup error. On the other hand, the range
variation was relatively large for anterior beam (0°) and posterior beam angles of 120-160°.

Impact of couch kick

Figure 6 shows BEV WEPL differences calculated for a posterior oblique angle (135°)
without and with a couch kick for patients 1, 2, and 8. The WEPL differences shown in Fig.
6 were calculated using pCT and last weekly CBCT image. For all three patients considered,
the WEPL differences were large at the bottom of the BEV WEPL difference maps, which
were caused by geometric or positional change of trapezius muscle in the shoulder region.
However, these large WEPL differences were reduced by applying a couch kick of 10°. It
should be noted that, for patient 1, the mean WEPL difference increased from 9.2 mm in
Fig. 6 (a) to 9.4 mm in Fig. 6 (b). This increase is attributed to the large WEPL differences at
the top (see inside a dashed circle in Fig. 6 (b)) due to positional uncertainty of the patient
ear. The proton beam with the couch kick passed through more of the patient ear than
without the couch kick.

Figure 7 shows the impact of a couch kick on the distal WEPL difference for various angles
(patient 8). A noticeable decrease of median, 75% quantile, and 95% quantile was found for
some posterior oblique angles (125-150°), shown enclosed by dashed lines. This finding
demonstrated that the use of a couch kick (10°) lead to an improvement in regard of
relatively large range variation due to anatomic change and/or positional error for a range of
beam angles between 125° and 150° although average range variation was slightly reduced.

3.3. Off-patient points in distal edge

Figure 8 shows the comparison of the BEV WEPL difference maps calculated for a beam
angle of 150° for patient 1: with vs. without off-patient points. The beam angle chosen for
the BEV comparison in Fig. 8 was one of the angles for which the results were most affected
by removing the off-patient points (see Figure 9). For this beam angle, 183 points out of
3586 were removed (5.1%). As a consequence, large WEPL differences were eliminated,
resulting in decrease in the WEPL differences: 8.8 + 8.7 (mm) to 7.6 + 6.8 (mm)

A comparison of box plots of the WEPL differences calculated for various beam angles was
made in Fig. 9. By eliminating off-patient points, the WEPL differences were most affected
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for some posterior oblique angles. As can be seen from Fig. 9, 95% quantiles were
noticeably reduced for posterior oblique angles between 140° and 160°. However, the
overall trend did not change after excluding off-patient points.

4. Discussion

The distal WEPL variation due to anatomic change in patient and patient setup error has a
similar angular dependency for the cohort of 11 head and neck cancer patients. Specifically,
posterior oblique angles between 120° and 160° were most sensitive to the geometric
uncertainties. This angular dependency was seen because volumetric change (in general,
volume loss) occurred in head and neck patients was geometrically amplified from these
angles as illustrated in Fig. 2. Although most of head and neck patients have similar
geometry and directivity of volumetric loss, a different angular dependency may be seen for
some patients having a different geometry. In addition, inconsistent patient setup may have
influence on the angular dependency of the WEPL difference.

It was demonstrated that relatively large range variation in patient occurred due to anatomic
change with some posterior oblique angles. As shown in Fig. 1, the WEPL differences
calculated with posterior oblique angles can include some large values calculated at a few
off-patient distal points due to lack of consideration of local deformation. Since these large
WEPL differences do not implicate overshooting during treatment, the impact of anatomic
change in patient could be overestimated. However, largest WEPL decreases were calculated
at the points near the patient skin and inside the patient geometry, indicating a possibility of
large overshoots beyond the distal edge. For the head and neck patients considered, the distal
WEPL decreased on average over all beam angles, indicating that the impact of volume loss
was dominant over that of patient setup uncertainty. A different tendency of WEPL change
can be observed for patients with other tumor types/locations.

Using physician-defined contours without any consideration of local deformation to
calculate WEPLSs on both pCT and cCBCT may introduce a source of uncertainty into the
calculated WEPL differences and, therefore, into the angular dependency. However, as
previously discussed, relatively small deformations may occur at the distal edge. Moreover,
it is a challenging task to define target volume on each treatment day. Manual contouring by
radiation oncologist on each weekly treatment scan is time-consuming and practically not
feasible. An alternative way to define treatment target volume is to adapt the target volume
using deformable image registration. It should be noted that this method can introduce
another source of uncertainty due to inevitable registration errors [31,32].

For head and neck cancer patients, three proton fields from three different beam directions
are frequently used. Two common beam angle configurations are (1) left and right anterior
oblique angles and a single posterior angle (Y-shaped configuration), and (2) left and right
posterior oblique angles and a single anterior angle (inverted Y-shaped configuration). The
results of the WEPL analysis demonstrated that Y-shaped configuration is more robust to
anatomic change and patient setup error than inverted Y-shaped configuration, although the
inverted Y shaped configuration might provide a more preferable dose distribution
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It is noted that the distal WEPL difference was calculated to estimate the extent of
underdosing of target volume and overdosing of normal tissues. Any changes in dose
distribution have not been considered in this study. Recent studies reported correlations
between WEPL-based measure and dosimetric change [19,24,25,33]. Such a correlation and
actual dosimetric impact on organs-at-risk, which is out of scope of this study, will be
investigated for head and neck proton therapy in a future study.

Using a couch kick with some posterior oblique angles can mitigate the range variation due
to anatomic change and patient setup error in the inferior portion of the treatment fields
where the shoulders can introduce patient setup challenges. The mitigating impact of the
couch kick can be larger than shown in this study because some of the inferior part of the
target volume was cropped in the CBCT images and not included in the WEPL calculations.
It should be noted that, however, the use of the couch kick may result in increased range
errors at the top of the field when the target volume is located up to the level of the patient
ear and the proton beams pass through the patient ear.

5. Conclusions

Angular dependency was observed in the proton range variation over the course of treating
head and neck patients estimated by calculating distal WEPL differences on cCBCT images.
Posterior oblique proton beam angles were most sensitive to anatomic change and patient
setup error for most of the cohort of 11 head and neck patients, although the WEPL
variations for posterior oblique beams were reduced with couch kicks. This finding suggests
the preference for treatment angles other than posterior obliques and posterior oblique angle
combined with a couch kick to mitigate the range variation due to anatomic changes and
patient setup uncertainty.
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Highlights

For posterior oblique angles, proton range variation is most sensitive to
anatomic change in patients and patient setup error.

Angular dependency of proton range variation was observed in 11 head and
neck patients.

Dosimetric impact of proton range variation may be reduced by selecting an
optimal beam configuration.

Calculating WEPL on scatter-corrected CBCT is a viable option to evaluate
proton range variation.
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(a) (b)

Figure 1.
Overlay of a physician-defined tumor contour on an axial cut of (a) a planning CT image

and (b) a scatter-corrected CBCT image.

Phys Med. Author manuscript; available in PMC 2021 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Kim et al.

Page 13

30 : 30
20 \ 20

- 110 'g‘ 10 ’5
0 2 0 2
-10 % -10 %
20 20
-30 " -30

(@ ()

Figure 2.
Beam’s eye view WEPL difference maps calculated for the last available CBCT scan for

patient 1 with the beam angles of (a) 45° and (b) 135°. Note that some of the excessive range
variations inside the circle were calculated at the points outside the patient.
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Figure 3.
Box plots of median and quantiles (5%, 25%, 75%, and 95%) of distal WEPL difference for

24 (black), 4™ (dark gray), and 6 (light gray) weeks for patient 1.
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Box plots of median and quantiles (5%, 25%, 75%, and 95%) of distal WEPL difference for

all weeks of all patients.
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Comparisons of last week’s BEV WEPL difference maps calculated for a posterior-oblique

angle (135°): without couch kick (left column) vs. with couch kick (right column) for

patients 1 ((a), (b)), 2 ((c), (d)), and 8 ((e), (f)). Mean + standard deviation of the WEPL

differences are also presented. Large WEPL difference in a dashed circle was due to

positional uncertainty of the patient ear.
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Figure 7.
Box plots of median and quantiles (5%, 25%, 75%, and 95%) of distal WEPL differences

calculated without and with a couch kick for patient 8.

Phys Med. Author manuscript; available in PMC 2021 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Kim et al.

Page 19

all points: 8.8 + 8.7 (mm) only in-patient points: 7.6 + 6.8 (mm)

g g
g E
O =
Ay o
& &
= =
= =
(a) (b)

Figure 8.
Comparisons of last week’s BEV WEPL difference maps calculated for a beam angle

(150°): (a) including vs. (b) excluding off-patient points for patients 1. Mean + standard
deviation of the WEPL differences are presented.
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Figure 9.
Box plots of median and quantiles (5%, 25%, 75%, and 95%) of distal WEPL differences

calculated with and without off-patient points for patient 1.
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Table 1.

For each patient, list of acquired CBCTs with the number of days elapsed since the pCT simulation and
location of the PTV

Elapsed days after pCT simulation

Patientno. PTV location 1 2 3 4 5 6 7

1 left 22 29 36 37 43 50

2 left 22 29 37 43 50 55

3 left 15 23 30 37 44 51 58
4 right 21 28 35 42 49 56 63
5 left 34 35 42 49 59

6 right 19 26 33 40 47 48 49
7 left 14 21 22 28 35 43

8 left 14 21 22 23 29 36

9 left 21 28 35 36 43

10 left 14 21 28 35 42 50
11 left 14 21 28 35 43 46 47
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Statistics of the distal WEPL differences calculated using pCT and final weekly cCBCT for various beam
angles for all patients: median, 95% quantile, and 5% quantile.

Distal WEPL difference (mm)

Proton beam angle 0° 20°  40° 60°  80° 100° 120° 140° 160° 180°
Patientl Median 3.7 4.3 4.7 4.7 4.7 5.0 5.5 4.6 2.8 2.1
95% quantile  13.8 112 94 8.3 85 101 150 19.2 157 112
5% quantile -74 -43 -10 04 1.0 1.2 0.7 -06 -28 -29
Patient2 Median 2.8 2.3 25 2.6 2.6 2.6 2.6 2.2 3.3 4.2
95% quantile 147 115 9.2 8.4 8.3 9.1 107 9.1 8.7 9.6
5% quantile -13 -06 -04 -05 -09 -14 -23 -40 -43 00
Patient3 Median 14 12 14 15 17 1.9 2.1 25 4.1 34
95% quantile  10.9 8.3 7.3 6.7 6.6 6.9 7.9 8.9 9.2 7.8
5% quantile -65 -43 -23 -16 -16 -18 -22 -34 04 -08
Patient4 Median 3.2 19 0.7 00 -05 -09 -13 -12 6.8 4.8
95% quantile 9.7 7.2 6.0 5.4 5.6 6.4 5.8 155 155 1238
5% quantile -100 -83 -60 -51 -52 -58 -74 -119 -26 -08
Patient5 Median 3.9 33 3.2 3.2 3.2 3.1 2.8 2.6 2.9 3.7
95% quantile  16.4 8.5 8.2 8.3 6.9 6.6 7.8 8.0 9.1 9.7
5% quantile -42 -07 04 0.6 0.4 00 -03 -10 -12 =20
Patient6 Median 4.6 55 51 4.1 33 29 2.8 2.8 25 -04
95% quantile 185 16.7 126 99 8.5 7.6 7.4 8.1 95 108
5% quantile -35 0.7 11 04 -01 -04 -07 -13 -27 -48
Patient7 Median 4.4 3.3 2.7 24 2.3 2.6 24 15 15 29
95% quantile 115 105 94 9.0 9.3 98 113 105 145 120
5% quantile 0.3 04 -04 -13 -20 -27 -34 -53 -54 -27
Patient8 Median 1.7 1.3 1.3 14 1.8 2.6 4.5 8.1 5.8 2.1
95% quantile  13.3 13.8 100 8.1 7.6 80 106 177 180 10.8
5% quantile -16 -12 -10 -10 -09 -07 -06 11 05 -21
Patient9 Median 4.3 44 4.6 45 4.6 4.7 5.2 5.4 6.1 55
95% quantile 225 174 123 104 100 110 127 164 174 151
5% quantile -55 -17 -03 0.0 0.2 0.4 0.5 0.4 1.1 0.1
Patientl0  Median 3.7 35 3.2 3.0 2.7 1.9 0.0 -15 -01 01
95% quantile  10.3 6.6 5.4 4.7 4.7 5.3 4.8 5.2 4.4 4.0
5% quantile -14 -05 01 02 -05 -30 -46 -52 -36 -37
Patientll  Median 3.0 31 3.6 4.1 4.3 4.7 5.5 6.2 5.3 4.8
95% quantile 143 194 150 129 126 132 138 173 172 133
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