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Abstract

Purpose—To determine the role of patient/tumor characteristics, radiation dose, and
fractionation using the linear-quadratic (LQ) model to predict stereotactic body radiation therapy—
induced grade =2 chest wall pain (CWP2) in a larger series and develop clinically useful
constraints for patients treated with different fraction numbers.

Methods and Materials—A total of 316 lung tumors in 295 patients were treated with
stereotactic body radiation therapy in 3 to 5 fractions to 39 to 60 Gy. Absolute dose—absolute
volume chest wall (CW) histograms were acquired. The raw dose-volume histograms (a/B = co
Gy) were converted via the LQ model to equivalent doses in 2-Gy fractions (normalized total dose,
NTD) with a/p from 0 to 25 Gy in 0.1-Gy steps. The Cox proportional hazards (CPH) model was
used in univariate and multivariate models to identify and assess CWP2 exposed to a given
physical and NTD.

Results—The median follow-up was 15.4 months, and the median time to development of CWP2
was 7.4 months. On a univariate CPH model, prescription dose, prescription dose per fraction,
number of fractions, D83cc, distance of tumor to CW, and body mass index were all statistically
significant for the development of CWP2. Linear-quadratic correction improved the CPH model
significance over the physical dose. The best-fit a/ was 2.1 Gy, and the physical dose (a/p = co
Gy) was outside the upper 95% confidence limit. With a/f = 2.1 Gy, VNTpgggy Was most
significant, with median Vntpgegy = 31.5 cm3 (hazard ratio 3.87, A<.001).

Conclusion—There were several predictive factors for the development of CWP2. The LQ-
adjusted doses using the best-fit a/p = 2.1 Gy is a better predictor of CWP2 than the physical dose.
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To aid dosimetrists, we have calculated the physical dose equivalent corresponding to VNTpgggy =
31.5 cm3 for the 3- to 5-fraction groups.

Introduction

Chest wall (CW) pain is among the most common late adverse effects of stereotactic body
radiation therapy (SBRT) and has been reported with an incidence between 10% and 40% in
many studies (1—8). Although transient in most patients, this toxicity can severely limit
quality of life, with some patients needing chronic opioid use for analgesia for multiple
months or even years. Numerous patient and tumor characteristics, such as body mass index
(BMI), diabetes mellitus, and tumor distance to CW, have been described as predictors of
CW pain, although there is some disagreement among the studies (1—8). There are various
dose-volume-based models of CW toxicity, including a modified equivalent uniform dose to
adjust for radiobiological effects (8).

The aim of this study was to build on our previous report by Mutter et al. (5). Our initial
experience on CW pain identified a clinically useful guideline (V3ggy = 70 cmd) to
minimize this adverse effect. However, we continued to observe clinically significant CW
pain after implementation of this guideline. From a scientific perspective, the model at the
time lacked sufficient power to study the effect of prescription dose and fraction number.
Here we report an update of our experience, with a significantly larger patient population,
and also develop clinically useful constraints to prevent CW pain for patients treated with
different fraction numbers.

Methods and Materials

Study design and patients

Treatment

All patients with node-negative non-small cell lung cancer and oligometastatic tumors in the
thorax treated with 3 to 5 fractions of SBRT at Memorial Sloan Kettering Cancer Center
(MSKCC) between May 2006 and October 2012 were identified in our institutional
database, according to number of fractions and site of disease. Exclusion criteria included
history of prior thoracic radiation or radiofrequency ablation. Patients with SBRT to more
than 1 lesion were included if they were located in distinct anatomic areas and the CW
contours did not overlap. A total of 316 lung tumors in 295 patients were analyzed. Fifteen
patients with 2 lesions were treated synchronously. All synchronously treated lesions were
clearly spatially separated either by laterality or level within the thorax, so that CWP could
be independently determined for each treated site. Six patients with 2 metachronously
treated lesions in an area close to the initially treated lesion were censored at the time of the
second treatment, to avoid any confusion regarding attribution of potentially developing
CWHP. The patient’s height and weight were recorded before SBRT and were available for all
but 1 patient. The shortest axial tumor-to-CW distance was measured on the planning scan.

As previously described (5, 9), patients were immobilized in a patient-specific alpha cradle
or the MSKCC stereotactic body frame (9). A computed tomography (CT) simulation was
performed, which included a free-breathing planning scan and a respiratory-correlated CT
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scan. Patients were typically treated with 3 to 7 coplanar 6-MV beams using intensity
modulated radiation therapy and were planned with the MSKCC in-house treatment
planning system using tissue inhomogeneity correction (10, 11). The gross tumor volume
was modified according to the respiratory-correlated CT scan to generate an internal target
volume (ITV) that accounted for respiratory motion. The clinical target volume included the
ITV plus a 2- to 3-mm margin for microscopic tumor extension; the planning target volume
(PTV) included the clinical target volume plus a 5-mm margin in all directions for setup
error. Image-guided treatments were delivered on linear accelerators; the tumor visualized
on cone beam CT was registered within the ITV contour from simulation. The PTV was
treated to doses of 39 to 60 Gy in 3 to 5 fractions, prescribed to the 100% isodose line. The
goal was to cover 95% of the PTV with the prescription dose (no minimum dose
requirement was used). The selection of a fractionation regimen was guided by tumor
location. Typically, peripheral lesions were treated to 18 to 20 Gy x 3, large tumors (>3 cm)
and those near the CW were treated to 12 Gy x 4, and central tumors were treated to 9 to 10
Gy x 5 fractions. The CW was contoured as a 2-cm expansion from the ipsilateral lung/CW
interface and vertebral body, with contours extended 4 slices (1.0 cm) above and below the
PTV, as previously described by Mutter et al. (5). All CW contours were reviewed for
adherence to these definitions. For all patients with 2 lesions, the CW was individually
contoured for each lesion. These were spatially separate, thus ensuring that there was no
overlap between CW contours and no dose contribution from the other treatment. In
September 2010 we implemented a dosimetric CW guideline to limit the volume of CW
receiving 230 Gy (V3ogy) to <70 cm?3, on the basis of our initial analysis. In patients treated
since September 2010, a shift toward lower CW volumes exposed to 30 Gy occurred. The
median V30 of the complete data set shifted from approximately 70 cm3 to approximately
50 cm?3, which gave us higher statistical power to detect complications arising from these
lower exposures. Tumor coverage was a priority, and underdosing of the tumor was not
permitted, to meet the CW guideline.

Patients were typically followed at 3-month intervals for 2 years. Subsequently, patients
were seen for follow-up at 6-month intervals until 4 years from SBRT and annually
thereafter. A chest CT scan was performed at every follow-up. Toxicities were scored
according to the National Cancer Institute Common Terminology Criteria for Adverse
Events version 4.0, with added specifications. Grade 1 CW pain was defined as mild pain,
not interfering with function. Grade 2 was defined as moderate pain, interfering with
function but not activities of daily living, requiring acetaminophen or nonsteroidal anti-
inflammatory medications. Grade 3 was defined as severe pain interfering with activities of
daily living, requiring narcotics, or needing interventions (eg nerve block). The date of onset
of CW pain was recorded.

The CW absolute-dose absolute-volume histograms were obtained from the treatment
planning software. The Kaplan-Meier method was used to analyze the cumulative incidence
of grade =2 CW pain (CWP2). The Cox proportional hazards (CPH) model was used in
univariate and multivariate analyses to identify and assess predictive factors of CW pain. In
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addition, log-rank tests were performed to assess the clinical utility of candidate thresholds.
All variables with a Pvalue <.1 and clinically indicated variables were considered for
inclusion in the multivariate model; variables considered were BMI, Karnofsky performance
status, age, gender, total prescription dose, prescription dose per fraction, number of
fractions, distance to CW, and the absolute volume of CW exposed to a range of physical
doses (Vp) and of linear-quadratic (LQ)-adjusted doses (from here on referred to as
normalized total dose [VnTp]). Models containing variables with P values <.05 were
selected.

Normalized total dose was used to account for the various dose-fractionation schemes in the
cohort. Chest wall DVH dose bins were corrected to LQ equivalent doses in 2-Gy fractions
according to Equation 1:

Di[(a/B+(Di/n)]
(a/p+2)

NTD= (1)

Here, Djis the physical dose in the given volume, and n is the number of fractions. In this
analysis the a/p ratio was taken as a free parameter and varied from 0 to 25 Gy in 0.1-Gy
steps. At each a/p value the best Vntp Cox model was determined; the likelihood for this
model was recorded. The best-fit a/p ratio and associated confidence intervals (Cls) were
determined using the likelihood profile method and yielded a CPH model based on the
resulting Vytp of the CW. A log-rank test based on a split at the corresponding median
VNTD Was assessed. We determined physical dose-volume guidelines for treatment planning
purposes as Vpz, Vpa, and Vps, where V is the median Vytp, and D3, D4, and D5 are the
physical doses corresponding to that NTD when treating with 3, 4, and 5 fractions,
respectively.

Dose-volume atlases

To facilitate future analyses of these data (12, 13), dose-volume atlases of the incidence of
CWP2 (14, 15) based on physical dose are provided in Excel files in Electronic Appendix 1
(available online at www.redjournal.org). Atlases are provided for each fraction number for
clinically obese (BMI =30 kg/m?2) and nonobese (BMI <30 kg/m?) patients at the time of
treatment. The format and usage of these files is described in Electronic Appendix 2
(available online at www.redjournal.org).

Results

Patients
Patient, tumor, and treatment characteristics are described in Table 1. The median patient age
was 77 years, with a median follow-up of 15.4 months. A majority of the tumors were
within 1 cm of the CW (218; 69%), and 91 (28.8%) of the tumors were in patients with a
BMI =30 kg/m?.

CW toxicity

A total of 62 lesions (19.6%) were associated with the development of CWP2, with a
median onset of 7.2 months. The 2-year actuarial incidence for CWP2 was 28.4%. There
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were a total of 26 lesions associated with grade 2 and 36 with grade 3 CW pain, with 1
patient experiencing both left- and right-sided CWP2 from 2 separate SBRT treatments.

Models of CWP2 based on physical dose

In our previously described analysis of a subset of these data (5), CPH modeling found a
broad region of physical dose and volume that significantly predicted the development of
CWP2. In our current dataset, a broader range of V (physical dose) correlated with CWP2
(P<.05 for D < 60 Gy), and the best-fit variable was V3ggy. However, V3ggy (A<.001) was
used as the threshold in multivariate analysis because of its familiarity from prior
publications (4) and ease of applicability. The sensitivities and specificities for V3ogy
thresholds of 30 cm?, 50 cm?3, and 70 cm? were 0.891 and 0.294, 0.828 and 0.524, and 0.656
and 0.726, respectively.

Other patient and tumor characteristics that reached significance on univariate analysis were
total prescription dose (/<.001), prescription per fraction (£<.001), dose to hottest 83 cm3 of
CW (Dgszcc) (P<.001), number of fractions (P=.0075), tumor distance to CW (P=.0014), and
BMI (P=.031). V3gy (P<.001) ranged from 0 to 246.2 cm®, with a median value of 49.3
cm3, and was more significant than the preceding variables for the development of CW pain
(Electronic Appendix 3; available online at www.redjournal.org). Karnofsky performance
status, gender, and age did not reach significance as predictors in a univariate CPH model
(Table 2). On multivariate analysis, several factors reached significance, and the best
combination of variables was V3ggy + BMI + prescription dose. The log-rank split at the
median value of the multivariate metric (V3ogy % Bvsocy + BMI X Bgp + Total Dose x
BTotal Dose = 4.36, where B is the CPH coeffecient value [Table 2]) was significant (P<.001).

Models of CWP2 based on LQ-adjusted dose-volume parameters

Replacing dose by the LQ-corrected doses significantly improved the CPH models. As
shown in Figure 1, the maximum log-likelihood CPH model was observed at a/p = 2.1 Gy
(68% CI1 0-17.7 Gy). Physical dose (a/p = co Gy) was outside the 95% CI. With a/p = 2.1
Gy, the maximum log-likelihood CW model was based on VN1p99gy. The log-rank test of
VNTDo9Gy Split at the median value of 31.5 cm3 demonstrated a hazard ratio of 4.1 (A<.001)

(Fig. 2).

For each fractionation group, the corresponding physical Vp was split at the median 31.5
cm3 using Equation 1. For example, for patients treated with 3 fractions, the corresponding
physical dose was 31.9 Gy; the V33 ggy split at the median CW volume (31.5 cmd)
demonstrated a hazard ratio of 3.05 for the prediction of CW pain (Table 3). The
significance of this split demonstrated a trend (P=.052) for 3 fractions, was significant (~=.
0016) for 4 fractions, and did not reach significance for 5 fractions, possibly because this
group contained fewer patients.

Using LQ-adjusted doses in multivariate CPH models of the best combination of factors was
VNTD99Gy + BMI (P<.001). This bivariate model with LQ-adjusted dose has Akaiake
information criterion (AIC) = 637.4, whereas the AIC for the best model using physical dose
(V30Gy + BMI + total radiation dose) is 639.7. This difference of 2.3, with the bivariate
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model being lower, exceeds the standard threshold for determining the statistical superiority
of the model with lower AIC.

Clinical application

The CPH model indicated that the LQ-adjusted doses were more significant predictors of
CW pain than physical dose. Therefore, for treatment planning purposes, we determined the
physical doses D3, D4, and D5 corresponding to NTD = 99 Gy with a/p = 2.1 Gy, when
treating with 3, 4, and 5 fractions, respectively. These are D3 = 31.9 Gy, D4 = 36.3 Gy, and
D5 =40.1 Gy (Table 3). These constraints apply to the patient population as a whole.

Discussion

Previously, Mutter et al. described a 2-year estimated actuarial incidence of 2CWP2 of 39%
and a median time to onset of 9 months. It was determined that V3ogy <70 cm3 for a CW
defined as 2-cm expansion from the lung—CW interface was the better parameter for
predicting CW pain than V3pgy <30 cm3 for a 3-cm contour expansion (5). Other patient
parameters, such as age, gender, fraction number, dose per fraction, and total prescription
dose did not reach significance, likely owing to limited statistical power from smaller patient
numbers in those subsets. V3ggy <70 cm3 was therefore implemented in September of 2010
as our departmental guideline for CW dose. In this expanded analysis, the 2-year estimated
actuarial incidence of CWP2 was 28.4%, and the median time to onset was 7.2 months. We
found that a 3y <50 cm? had greater sensitivity (0.828) than the 70-cm3 threshold
(0.656), whereas V3pgy <30 cm? had the highest sensitivity (0.891). In patients treated since
September 2010, a shift toward lower volumes exposed to approximately 30 Gy occurred
from a median V30 of approximately 70 cm3 to approximately 50 cm3. When analyzing the
incidence of CWP2 in patients before and after the implementation of the new guideline, we
did not see a significant change in the incidence of CWP2 (data not shown). Although this
observation may have been limited by the smaller number of patients treated since 2010
(n=112), we believe that the main impact of the larger patient population including patients
from both before and after 2010 gave us higher statistical power to detect complications
arising from these lower exposures. Dunlap et al (4) described the V3pgy <30 cm3 threshold
as the best predictor; however, we have a concern with this stringent dose-volume parameter
because of its high false-positive rate in our data (specificity of 0.294 for 30-cm?3 threshold
and 0.524 for 50-cm3 threshold). Although a V3o6y < 30 cm3 was similarly predictive of
CW pain as V3pgy <50 cm3 in our study, we now have adopted physical dose V306y <50
cm3 as a clinical guideline because it is more often achievable, has a higher specificity than a
V3oey <30 cm3, and encourages greater protection than our previously published 70-cm3
threshold. Additionally, such a low volume constraint of 30 cm3 may not be practically
achievable in many patients with larger tumors close to the CW without significant
underdosing of the target volume.

Unlike our initial report, we included nondosimetric parameters reported by others: BMI and
distance to CW. These and other parameters (fraction number and prescription dose) reached
univariate significance in this expanded series (Table 2). The decrease in CWP2 incidence in
this study may be because of the CW dose constraint implemented from our previous study
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and/or because of an increase in the number of patients treated with lower doses per fraction
(62 patients treated with 5 fractions in the present study vs 15 previously) (5). The slight
decrease in median onset time of 9 to 7.2 months is possibly related to observer bias because
of our increased awareness of this toxicity during patient follow-up.

Despite the controversies and being well aware of the limitations of the LQ model in
hypofractionated radiation therapy (16, 17), we sought to identify whether using the LQ-
adjusted dose improved our ability to predict CW pain over the physical dose. In this large
cohort, a wide range of treatment doses and fractionation schemes were analyzed, with a
more complete set of clinical variables included in (multivariate) CPH analysis for
predicting CW pain than previously described. In contrast to our previous study, with a
larger number of tumors treated, we found that the LQ model was superior to the physical
dose at predicting SBRT-induced CW pain. We analyzed a wide range of a/p (0-25 Gy in
0.1-Gy steps) and found that within 68% CI all values for a/p between 0 and 17.7 Gy were
better predictors of CW pain than the physical dose (Fig. 1). All the tested values of a/p
from 0 to 25 Gy were within 95% CI, but physical dose was not. Although the Cl on a/p is
not small, this analysis excluded the use of physical dose (outside the 95% CI). This is
particularly important in the present context, where several groups have used physical dose
to analyze this endpoint. We were able to estimate the value of a/B in our data set despite the
fact that our cohort falls into 3 groups, ordered by prescription dose and similarly ordered by
fraction size. This ordering tends to be preserved when looking at VnTp as a function of a/p.
This prevented us from determining a/B in our previous publication. Higher numbers of
patients proved key in this regard. Our best-fit a/f value of 2.1 Gy is consistent with an o/p
of 3 Gy being commonly used for estimating late toxicity; this fits with the observation that
CW pain is typically a subacute to late toxicity, with a median time to occurrence of 7.2
months. Reporting results from patients treated with 48 Gy in 4 fractions, 60 Gy in 10
fractions, and 70 Gy in 10 fractions, Nambu et al (18) tested the ability of LQ-adjusted
maximum CW dose to predict rib fracture in 26 patients with and 22 randomly sampled
patients without rib fracture, respe(:tively.18 They found that an a/f value of 8 Gy gave the
maximum receiver operating curve value but did not provide Cls. Because the clinical and
analyzed dosimetric endpoints were different, it may not be appropriate to compare their o/
value with ours (2.1 Gy); however, their value lies within the 68% CI of ours (0-17 Gy).
Eight grays is more appropriate for acute than late effects, despite their range of onset times
from 4 to 58 months. In their discussion, Nambu et al (18) quote an a/p value for late bone
damage of 1.8-2.8 Gy, which is more consistent with our findings, but it is unclear how this
range was determined.

Our aim with this study was to produce clinically usable dosimetric guidelines for reduction
of incidence of CW pain. We therefore chose to analyze dose-volume-based parameters
rather than equivalent uniform doses. We analyzed Dx as well as VVx and found that Vx
resulted in better parameter estimation and lower P values (data not shown). After finding
the best VyTp to be 99 Gy with an a/p value of 2.1 Gy, we converted this value back to its
physical dose equivalent for the 3-, 4-, and 5-fraction groups for the convenience of
treatment planning (Table 3). As expected, we found that the physical tolerance dose to the
CW increased as the fraction number increased and the prescription dose per fraction
decreased. This suggests that treating patients with a higher number of fractions and lower
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prescription dose per fraction may potentially decrease the incidence of CW pain. It may
also be easier for a treatment planner to achieve both target coverage and the CW dose
thresholds for 5 fraction treatments, owing to the smaller difference between prescription
and threshold doses. We therefore recommend considering a 4- or 5-fraction regimen in
patients with targets near the CW or larger targets with a high associated dose to the CW.
However, the prescription dose per fraction and Vtp have to be balanced with
considerations of tumor control probability, and on the basis of current information the
prescription biologically effective dose to the target should not be decreased <100 Gy, to
maintain adequate tumor control probability (19—22).

Elevated BMI and obesity (BMI =30 kg/m?) have been significantly correlated with CW
pain in multiple other studies (3, 7 8), and in our study it was found that BMI is
significantly associated with CW pain independently of dose in the multivariate models. The
exact pathophysiology behind obesity and SBRT-induced CW pain is unknown; however,
there are studies that suggest an association between obesity and pain (23—25). It has been
reported that some hormones associated with excess fat, such as leptin, may be associated
with inflammation, leading to painful conditions (26). As per Stone and Broderick in a
survey of more than 1,000,000 people who were asked whether they had pain yesterday,
there was a significant increase in pain for those who were overweight/obese when
compared with people in the low to normal BMI range. These findings were upheld after
statistically controlling for other pain-causing conditions and across gender and age (23).
High-dose SBRT in patients who are at baseline more prone to pain may explain why there
is an association between obesity and SBRT-induced CW pain.

In this larger series, prescription dose, dose per fraction, BMI, and tumor distance to CW
were all significant predictors of CW pain on univariate CPH. On multivariate models, the
best combination of variables when analyzing the physical doses was V3ogy + BMI +
prescription dose. For the LQ model, the combination of V\Tpeggy + BMI reached
significance and was a better predictor of CWP2 than the physical dose model. The physical
dose equivalents for Vntpagay are 31.9 Gy in 3 fractions, 36.3 Gy in 4 fractions, and 40.1
Gy in 5 fractions. We are currently in the process of implementing the fraction number—
dependent dose constraints. Meeting these tolerances, however, must be balanced against
target coverage, and target coverage should generally not be compromised, to achieve CW
sparing.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summary

Chest wall (CW) pain after stereotactic body radiation therapy is among the most
common toxicities from high-dose hypofractionated radiation to thoracic tumors. We
previously published our initial experience on CW pain and developed a dose constraint
to minimize CW pain. However, the model lacked sufficient power for studying the
impact of fractionation on radiation dose. Therefore, we reanalyzed our expanded series
and developed clinically useful, fractionation-dependent constraints to prevent CW pain.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2016 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Dinetal.

A

Log-likelihoods for V Cox Model with
varying o/f (0-25 Gy in 0.1-Gy steps)

-318

-320

I I |

w w w
n n n
(=) S ~n

-328

-likelihood, Cox model

Page 12

Best log-likelihoods versus a/p

-317.5,
|
= 318 e
== H .
& } \QN,‘"«‘»__
£-3185 | -
= 1 |__Bestfit In(L): -317.87
2 i at a/B=2.1Gy
2 319 | |-—Low 68% CI: -318.37
S |
e | |=~Low 95% CI: -319.79
S 1 |——Physical dose In(L): -320.3
= -319.5 '
< |
= e T
=4 1
S 320
I
———' —————————————————————————————
)
: -320.5- 1
50 100 150 200 0 2 4 6 8 10 12 14 16 18 20 22
v, [Gy] /B [Gy]

Fig. 1.

(Ag Curve demonstrates log-likelihoods for Vp Cox model with varying a/p (0-25 Gy in
0.1-Gy steps). The black curve is the physical dose, the green is a/f of 25 Gy, with values
decreasing toward the red curves. (B) Curve plots the best log-likelihoods for each a/p; the
red vertical line is the best fit (2.1 Gy), and the green horizontal line is the 68% confidence
interval (CI) (0-17.7 Gy). The physical dose (a/p = co Gy) is outside of the 95% confidence
interval. A color version of this figure is available at www.redjournal.org.
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Fig. 2.

Cumulative incidence curves for grade =2 chest wall (CW) pain using the best-fit a/p (2.1
Gy) and with volume of chest wall receiving a normalized total dose of 99 Gy split at the

median 31.5 cm3. Numbers at risk in the 2 categories are given at yearly intervals be

low the

time axis. The hazard ratio (HR) and 95% confidence limits are calculated with a Cox
proportional hazards model on dichotomized data (patients with VnTtpgegy <31.5 cm3 or

>31.5 cm? are coded as 0 or 1, respectively).
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Patient, tumor, and treatment characteristics

Characteristic n %
Age (y), median (range) 77 (49-95)
KPS, median (range) 70 (50-100)
Gender

Male 138 46.8

Female 157  53.2
BMI (kg/m?) ™

<30 225 712

>30 (obesity) 91 2838
Tumor

Primary NSCLC 285 90.2

Oligometastatic 13 41

Recurrent 18 5.7
Tumor distance to CW (cm)

<1 218  69.0

21 98 31.0
Prescription doses

18-20Gy x 3 113 358

12Gy x4 114  36.1

9-10Gy x5 62 19.6

Other 27 8.5

Abbreviations: BMI = body mass index; CW = chest wall; KPS = Karnofsky performance status; NSCLC = non-small cell lung cancer.

*
Body mass index for patients with multiple treatments was calculated separately before each treatment.
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Table 2

Patient and tumor characteristics predicting chest wall pain

CPH model
HR 95%
CPH model  confidence
Characteristic HR interval P
Univariate variable
V30 Gy (cmd) 1.013 1.009-1.017 <.001
D83cc (Gy) 1.080 1.051-1.109 <.001
Prescription 1.085 1.042-1.130 <.001
dose (Gy)
Prescription dose 1.105 1.042-1.172 <.001
(Gy)/fraction
No. of fractions 0.625 0.439-0.889 .0075
Tumor distance to 0.595 0.418-0.846 .0014
CW (cm)
BMI (kg/m?) 1.041 1.001-1.082  .031
KPS 0.980 0.961-1.000 .25
Gender 0.835 0.502-1.390 48
Age (y) 0.990 0.971-1.010 .83
Multivariate variables
Trivariate model
V30 Gy (cmd) 1.127 1.123-1.132 <.001
BMI (kg/m?) 1.041 1.001-1.082  .028
Prescription 1.053 1.011-1.098  .010
dose (Gy)
Bivariate model
VNTD99GY (cm3) 1.018 1.012-1.023 <.001
BMI (kg/m?) 1.042 1.003-1.082  .036

Abbreviations: CPH = Cox proportional hazards; HR = hazard ratio.

Other abbreviations as in Table 1.
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Corresponding physical doses for a 3-, 4-, or 5-fraction regimen

Corresponding HR split at

physical dose  median 31.5 cm3,
Fractions (Gy) (95% CI) P
3 31.9 3.05(0.94-9.9) .052
4 36.3 4.36 (1.6-11.8) .0016
5 40.1 2.79 (0.69-10.7) 14

Abbreviations as in Table 2.
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