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Abstract

PURPOSE—The long-term effects of neoadjuvant androgen deprivation therapy (NADT) with
radiation therapy on participant-reported health-related quality of life (HRQOL) have not been
characterized in prospective multi-center studies. We evaluated HRQOL for 2 years among
participants undergoing radiation therapy (RT) with or without NADT for newly diagnosed, early-
stage prostate cancer.

METHODS—We analyzed longitudinal cohort data from the Prostate Cancer Outcomes and
Satisfaction with Treatment Quality Assessment Consortium to ascertain the HRQOL trajectory of
men receiving NADT with external beam radiation therapy (EBRT) or brachytherapy (BT).
HRQOL was measured with the EPIC-26 questionnaire at 2, 6, 12, and 24 months after the
initiation of NADT. We used Chi-square or Fisher’s Exact test to compare the shift percentages
between groups that did or did not receive NADT. Analyses were conducted at the two-sided 5%
significance level.

RESULTS—For subjects receiving EBRT, questions regarding the ability to have an erection,
ability to reach an orgasm, quality of erections, frequency of erections, ability to function sexually,
and lack of energy were in a significantly worse dichotomized category for the patients receiving
NADT. Comparing baseline versus 24 months, 24%, 23%, and 30% of participants receiving
EBRT plus NADT shifted to the worse dichotomized category for the ability to reach an orgasm,
quality of erections, and ability to function sexually compared to 14%, 13% and 16% in the EBRT
group, respectively.

CONCLUSION—Compared to baseline, at 2 years participants receiving NADT plus EBRT
compared with EBRT alone had worse HRQOL, as measured by the ability to reach orgasms,
quality of erections, and ability to function sexually. However, there was no difference in the
ability to have an erection, frequency of erections, overall sexual function, hot flashes, breast
tenderness/enlargement, feeling depressed, lack of energy or change in body weight. The
improved survival in intermediate and high-risk patients receiving ADT and EBRT necessitates
pre-treatment counseling of the HRQOL impact of ADT and EBRT.

INTRODUCTION

Androgen deprivation therapy (ADT) strategies play a crucial role in the radiotherapeutic
management of men with intermediate and high risk prostate adenocarcinoma. The addition
of short-term and long-term ADT to radiation, respectively, has improved overall and
cancer-specific survival in multiple randomized trials (1-8). Despite its benefits, ADT has a
number of potential side effects including sexual dysfunction (9), osteoporosis and bone
fractures (10), vasomotor symptoms (hot flashes) (11), decreased muscle and increased fat
(12), fatigue (13), anemia (14), and thromboembolic events (15) among others. A systematic
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evaluation of health related quality of life (HRQOL) has not been a component of most of
these trials.

The time course and severity of ADT side effects in men receiving definitive RT for prostate
cancer has not been extensively characterized using validated, participant-reported HRQOL
instruments. A recent publication of from the PROST-QA (Prostate Cancer Outcomes and
Satisfaction with Treatment Quality Assessment) consortium focused on the short-term (2
month) effects of neoadjuvant androgen deprivation therapy (NADT) (16). In this study, we
compared HRQOL outcomes over time in men receiving external beam radiation therapy
(EBRT) or brachytherapy (BT) with or without NADT.

METHODS AND MATERIALS

Centers and Subjects

Measures

We analyzed longitudinal cohort data from the Prostate Cancer Outcomes and Satisfaction
with Treatment Quality Assessment (PROST-QA) consortium, a multi-institutional
prospective study conducted at nine university-affiliated clinical sites across the US.
Participants with early stage (T1 or T2) prostate cancer were recruited between 2003 and
2006 (17). The study was approved by the Institutional Review Board and judged compliant
with the Health Insurance Portability and Accountability Act (HIPAA) at each center.
Participants were ineligible for the study if they had received any prior therapy for prostate
cancer. All participants provided signed, informed consent to participate.

In the PROST-QA trial, primary treatment could consist of radical prostatectomy, EBRT or
BT. The selection of primary treatment modality was left to the discretion of the treating
physician and the participant. At the time of this analysis, 1,201 men with localized prostate
cancer had been registered to the PROSTQA study. Of these men, 603 (50.2%) had elected
to undergo radical prostatectomy, 5 (0.42%) had more than 12 months NADT duration, 288
(24.0%) had EBRT, 285 (23.7%) had BT, and another 20 (1.7%) participants received a
combination of EBRT with a BT boost, ADT, or both.

The decision to administer NADT was left to the treating physician, and typically started 2
months prior to the initiation of RT. We decided to focus this analysis on the participants
who were treated with definitive EBRT or BT monotherapy with or without NADT for 12
months or less. In the BT plus NADT group, the median ADT duration was 4 months (range
1 — 8 months), while in the EBRT plus NADT group the median ADT duration was 3
months (range 1 — 12 months). Specifically, 202 participants received EBRT only, 86 EBRT
plus NADT, 271 BT only and 14 BT plus NADT. NADT consisted of luteinizing hormone-
releasing hormone (LHRH) agonists and/or antiandrogens. Two patients in the EBRT plus
NADT, and four patients in the BT plus NADT groups received antiandrogens only. Of the
patients receiving EBRT plus NADT or BT plus NADT, 79 % and 91% had <6 months of
NADT, respectively.

At registration, pre-treatment demographics, cancer severity, and treatment details were
recorded. HRQOL was measured with the EP1C-26 instrument self-reported by computer
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assisted telephone interviews prior to NADT, and at 2, 6, 12, and 24 months. The EPIC 26-
item questionnaire has been validated (18) and measures prostate cancer-specific HRQOL
(19) in men with early and advanced prostate cancer. The questionnaire consists of four
summary domains (urinary, bowel, sexual, and vitality/hormonal) as well as two urinary
subscales (incontinence and irritative/obstructive). Each summary domain contains function
and bother subscales. Participant responses to questions are transformed to a 0-100 scale
where higher scores represent better HRQOL. Norman et al. recommend that a clinically
meaningful change in function is defined as a change of greater than one half the standard
deviation in an HRQOL score (20).

Six questions in the sexual domain and 5 questions in vitality/hormonal domain were
analyzed. A previous publication focused on the short-term effects of ADT (21) at 2 months.
Instead, we focused on longer-term responses at 6, 12 and 24 months.

Statistical Analysis

RESULTS

The responses to the individual questions were dichotomized as seen in Table 2 and Table 4,
thus combining one or more higher-severity items in one category, and one or more items of
less severity in another as was done in the original publication (17). For a given treatment
modality, responses were further grouped according to NADT or no NADT. Descriptive
percentage of responses per group were reported according to treatment modality: EBRT
(Table 2 and 4), and BT (Table 3 and 5). There was only a 44.4% power to detect an effect
size of 0.5 using the sample sizes of 14 participants in the BT plus NADT group and 271
participants in the BT group with a type | error of 5%. The generalized estimating equation
(GEE) model was used to analyze the longitudinal data, in which the correlation among the
repeated measures from the same participant need be considered. The p-values of the
interaction term in the GEE model were estimated to assess whether the percentages at each
time point between No NADT and NADT groups were the same. The GEE model does not
work for some questions because of the small sample size, and in those cases the Cochran-
Mantel-Haenszel test was considered. Missing data was treated as missing at random and
excluded from the GEE analysis.

Table 6 shows the baseline vs 24 months, and 6 months vs 24 months as percentage
difference for participants who shifted to the worse dichotomized category for a given
question. We chose these comparisons because we wanted to compare the baseline with the
least symptoms versus the long term or 24 time month time point, and 6 months, where
symptoms tend to be worse, versus the long term or 24 time month time point. The Chi-
square or Fisher’s Exact test was use to compare the percentages of shift between the No
NADT and NADT groups. All analyses were conducted using SAS (SAS Institute, Cary,
NC) at the two-sided 5% significance level.

Table 1 shows the characteristics of the patients. Patients receiving NADT had a higher
overall cancer severity, and consequently had higher PSAs, higher Gleason scores, higher T
stages, a higher proportion of biopsy cores with cancer, and higher rates of pelvic lymph
nodes treated. The sexual domain responses for the EBRT and BT groups are listed in Table
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2 and Table 3, respectively. In the sexual domain for the EBRT group, for all questions
except for “how big a problem has your sexual function or lack of sexual function been”
there was a marked statistically significant difference between those who did or did not
receive NADT. The vitality/hormonal responses for the EBRT and BT groups are listed in
Table 4 and Table 5, respectively. In the hormonal/vitality domain for the EBRT group,
patients receiving NADT did statistically worse on the lack of energy question. Figures 1a to
1f show the 6 statistically significant question comparisons, respectively: frequency of
erections (Fig. 1a), quality of erections (Fig. 1b), ability to have erection (Fig. 1c), ability to
reach an orgasm (Fig. 1d), ability to function sexually (Fig. 1e) and lack of energy (Fig. 1f).

Table 6 compares the baseline vs 24 months, and 6 months vs 24 months percentage
difference for participants who shifted to the worse dichotomized category for a given
question. When looking at “Your ability to reach orgasm (climax),” 24.4% of EBRT plus
NADT participants compared to 13.9% of EBRT participants shifted from “Fair/Good/Very
good” at baseline to “Very poor to none/Poor “ at 24 months. There was also a statistically
significant shift to the worse dichotomized category for “How would you describe the usual
QUALITY of your erections during the last 4 weeks?” and “Overall, how would you rate
your ability to function sexually during the last 4 weeks?” between the EBRT plus NADT,
doing worse, and EBRT groups for the baseline versus 24 month comparison. For the EBRT
plus NADT and EBRT group baseline versus 24 month comparison, there was no
statistically significant shift for the hormone/vitality questions.

When examining the 6- vs 24-month sexual comparison, when looking at “Your ability to
have an erection,” 2.3% of EBRT plus NADT participants and 10.4% of EBRT participants
shifted from “Fair/Good/Very good” at 6 months to “Very poor to none/Poor *“ in 24 months.
There was also a statistically significant shift to the worse dichotomized category for “Your
ability to reach orgasm (climax)” and “How would you describe the FREQUENCY of your
erections during the last 4 weeks” between the EBRT, doing worse, and EBRT plus NADT
groups for the baseline versus 24 month comparison. For the EBRT plus NADT and EBRT
group 6- vs 24-month comparison, there was no statistically significant shift for the
hormone/vitality questions.

In both the baseline vs 24-month and the 6- vs 24-month BT plus NADT versus BT
comparison, there was no statistically significant shift for any of the sexual or hormone/
vitality questions. However, the numbers in BT plus NADT group were small and
insufficient to reach any meaningful conclusions when compared with the BT group.

DISCUSSION

Patients receiving EBRT plus NADT had worse HRQOL, as measured by frequency of
erections, quality of erections, ability to have erections, ability to reach orgasms, ability to
function sexually, and lack of energy. However, when comparing baseline versus 24 months,
only ability to reach orgasms, quality of erections, and ability to function sexually are
significant. It is reassuring that patients were not worse at 24 months for the majority of the
sexual and hormone/vitality questions. This is important, because for intermediate-risk
disease and high-risk disease patients, the addition of short-term and long-term ADT to
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radiation, respectively, has improved overall and cancer-specific survival in multiple
randomized trials (1-8).

Although the initial report from the PROST-QA trial provided valuable insights into the
HRQOL impact of radical prostatectomy, brachytherapy, or external-beam radiation therapy
in prostate cancer participants (17, 22), there is surprisingly little data on the long adverse
effects from NADT on men. A recent publication based on the PROST-QA database
reported the 2-month QOL outcomes on 71 participants receiving RT and NADT (16). In
this study we included men who did not receive NADT for comparison. Specifically, we
included 202 men who received EBRT only, 90 EBRT plus NADT, 286 BT only, and 20 BT
plus NADT. All available QOL time points up to 24 months were included for a better
understanding of the long-term treatment effects of NADT. The Medical Research Council
RTOL1 trial, which delivered 3-6 months of NADT plus 64 Gy or 74 Gy in 2 Gy fractions,
addressed the short-term effects of NADT using the UCLA-PCI, the Functional Assessment
of Cancer Therapy core questionnaire with its additional prostate subscale, and the Short
Form-36 Health Survey questionnaire (23).

Son et al. studied 179 men (72% African-American) who completed the EPIC-26 at 2, 6, 12,
18, and 24 months after IMRT, and found no significant difference in the global score by 24
months with only a statistically significant decline in the frequency of erections (24). These

differences in findings are likely secondary to our study’s larger sample size and multicenter
design leading to a more heterogeneous and generalizable patient population.

EORTC 22991 randomized intermediate and high-risk localized patients to RT or RT and
ADT. HRQOL was assessed with the QLQ-C30 and the QLQ-PR25. Hormonal treatment
symptoms, sexual activity and functioning scales were clinically significantly impaired at 6
months and 1 year, without any marked difference between the arms from year 2 onward (8).

The current study provides useful insights for clinicians. Tables 2—6 and Figure 1 may be
useful when counseling patients on the side effects from the different types of radiation
therapy. Comparing baseline versus 24 months, 24%, 23%, and 30% of participants
receiving EBRT plus NADT shifted to the worse dichotomized category for the ability to
reach an orgasm, quality of erections, and ability to function sexually questions compared to
14%, 13% and 16% in the EBRT group, respectively. Comparing 6 months versus 24
months, there was a statistically significant improvement in the ability to have an erection,
ability to reach an orgasm, and the frequency of erections which may be helpful for
reassuring patients at their 6 month follow-up visit. Since the effects of NADT may be
decreasing after 6 months for most patients, these comparisons suggest that NADT has a
greater impact on the ability to have an erection and the frequency of erections, that both
NADT and EBRT impact the ability to reach an orgasm, and that EBRT has a greater impact
on the ability to function sexually.

For the hormone/vitality question regarding lack of energy, compared to participants
receiving EBRT, more patients receiving EBRT plus NADT were in a significantly worse
dichotomized category. Although the majority of patients received 6 months or less of
NADT, these findings were still evident at 2 years. In general, for this question (Figure 1f)
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participants who only received EBRT remained stable, while those who received EBRT plus
NADT had about a 30% absolute worsening, followed by a 15% absolute improvement at 1
year and a further 5% absolute improvement at 2 years. Interestingly, changes over time
were not statistically significant for hot flashes, breast tenderness/enlargement, feeling
depressed, and change in body weight. There was only a 44.4% power to detect an effect
size of 0.5 using the sample sizes of 14 participants in the BT plus NADT group and 271
participants in the BT group with a type | error of 5%.

One of the potential confounding factors in this study is that the length of NADT was not
controlled. However, we limited the length to NADT to 12 months, and most participants
received 6 months or less of NADT. The National Comprehensive Cancer Network (NCCN)
prostate cancer guidelines suggest considering 4 to 6 months of ADT in intermediate-risk
participants undergoing external beam RT, and 2 to 3 years of ADT for high-risk participants
undergoing external beam RT (25). This may explain why HRQOL for the entire group
reaches a nadir at 6 months.

CONCLUSIONS

Compared to baseline, at 2 years participants receiving NADT plus EBRT compared with
EBRT alone had worse HRQOL, as measured by the ability to reach orgasms, quality of
erections, and ability to function sexually. However, there was no difference in the ability to
have an erection, frequency of erections, overall sexual function, hot flashes, breast
tenderness/enlargement, feeling depressed, and lack of energy or change in body weight.
The improved survival in intermediate and high-risk patients receiving ADT and EBRT
necessitates pre-treatment counseling of the HRQOL impact of ADT and EBRT.
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SUMMARY

We evaluated HRQOL for 2 years among 573 participants undergoing EBRT or BT with
or without NADT for newly diagnosed, early-stage prostate cancer. At 2 years,
participants receiving NADT plus EBRT compared to EBRT had a worse ability to reach
an orgasm, erection quality, and ability to function sexually, while the ability to have an
erection, frequency of erections, sexual function, hot flashes, breast tenderness, feeling
depressed, lack of energy, and body weight did not reach significance.
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How would you describe the FREQUENCY of your erections during the last 4 weeks? (p-value = .0001)
(External Beam Radiotherapy Only +/-NADT)

Baseline-NADT 6 months-NADT 12 months-NADT 24 months-NADT
21% 19.4% 18.5%
ﬁ

Baseline-No NADT 6 months-No NADT 12 months-No NADT 24 months-No NADT

40.1%
56.6%

o

mm Never + Less than half the time wanted + About half the time wanted
— More than half the time wanted + Whenever Wanted

How would you describe the usual QUALITY of your erections during the last 4 weeks? (p-value <.0001)
(External Beam Radiotherapy Only +/-NADT)

Baseline-NADT 6 months-NADT 12 months-NADT 24 months-NADT
18.6%
31.8%
63.0%

Baseline-No NADT 6 months-No NADT 12 months-No NADT 24 months-No NADT

= None at all + Not firm for sexual activity
— Firm enough masturbation or foreplay + Firm enough for intercourse

62.8%

Y.

Int J Radiiat Oncol Biol Phys. Author manuscript; available in PMC 2018 June 01.
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How would you rate your ability to have an erection during the last 4 weeks? (p-value =.0001)
(External Beam Radiotherapy Only +/-NADT)

Baseline-NADT 6 months-NADT 12 months-NADT 24 months-NADT
17.4% 23.9%
59.5%

Baseline-No NADT 6 months-No NADT 12 months-No NADT 24 months-No NADT

mm Very Poor to None/Poor  —— Fair/Good/Very Good

How would you rate your ability to reach orgasm (climax) during the last 4 weeks? (p-value <.0001)
(External Beam Radiotherapy Only +/-NADT)

Baseline-NADT 6 months-NADT 12 months-NADT 24 months-NADT

y ‘

Baseline-No NADT 6 months-No NADT 12 months-No NADT 24 months-No NADT

56.6%
69.6%

mm Very Poor to None/Poor ——Fair/Good/Very Good

60.9%

Int J Radiiat Oncol Biol Phys. Author manuscript; available in PMC 2018 June 01.
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Overall, how would you rate your ability to function sexually during the last 4 weeks? (p-value <.0001)
(External Beam Radiotherapy Only +/-NADT)

Baseline-NADT 6 months-NADT 12 months-NADT 24 months-NADT

19.1% 24.6%

ot

Baseline-No NADT 6 months-No NADT 12 months-No NADT 24 months-No NADT

56.6% 56.0%

66.0%

N
N

mm Very Poor to None/Poor  —— Fair/Good/Very Good

How big a problem has 'Lack of Energy’ been for you during the last 4 weeks? (p-value =.0003)
(External Beam Radiotherapy Only +-NADT)

Baseline-NADT 6 months-NADT 12 months-NADT 24 months-NADT

[

|
64.1%
94.1%

Baseline-No NADT 6 months-No NADT 12 months-No NADT 24 months-No NADT

\
86.1% B5-1%

mm Moderate problem + Big problem
— No Problem + Very small problem + Small problem

79.2%

-
E
v

P
p:
.
a1
&

D
A 4
D
\ 4

3
¢
v

82.8% 83.2%

/
-

Figure 1.

Figures 1a to 1f show the 6 statistically significant question comparisons, respectively:

Page 12

frequency of erections (Fig. 1a), quality of erections (Fig. 1b), ability to have erection (Fig.

1c), ability to reach orgasm (Fig. 1d), ability to function sexually (Fig. 1e) and lack of

energy (Fig. 1f).

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2018 June 01.



Page 13

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2018 June 01.

Gay et al.

(ev) 9 (z2) 85 (67) 2 (8¢) L2 L

(29)8 (22) ot (82 (19) €21 1>
870 T000°0> (9%) "ou — 8109S UOSES|D

(29K (9)etr (28) ze (91) €€ 0T<

(L9) 8 (L) 66T (09) v (99) g€t 0T—¥

(62) v (22) 65 (€N 1T (81) 9¢ >
ST0 50000 dnoio

w12 ¥'92-90 €66-9T 8'62-G0 abuey

g9 0'S 16 6'S uelpay
€20 T000°0> w/bu - vSd
1000°0> _ 82T F1'95 _ LITF88E _ €80 _ SYEF VIS _ 0'9Z ¥ 6'8Y _ w - 8z1s a1e1soud ues|y|
9.0 _ 8V ¥68C _ 9V F¥'8C _ 080 _ 8GF /.82 _ £€6F982 _ 1INg Uesn
1€0 _ TTFGT _ TTFET _ 6£0 _ TTFVT _ ETFST _ $3ssaU|[1 BuISIX302 JO Jaquunu ueajy

(00 @v (00 (K4 18Y10

(19) € (o1) 22 (sT) et (81) 5€ soelg

@1t (88) g€z (s8) 1L (18) 291 3UYM
v€0 180 aoey

(9g) 5 (0g) 18 (99) 8¢ (1Y) €8 0/<

(09) L (8v) 0T (z¢) 82 (vv) 88 69-09

W)z (z2) 09 (zm) ot (sT) 1€ 09>
880 100 (%) "ou — dnoub aby

6L-2S 18-Sb G8-0S €8 -Gb abuey

L9 99 TL 69 uelIps\
150 €00 K - 8By

_ (yT=u) LavN | (TLz=u) LAVYN ON _ _ (98=N) LAVN | (202=N) LAVN ON _
xONJeA d _ AdeiaypAyoerg _ xON|eA d _ Adelsy] uoneipey weag [eudsixy _
"SO11S143)0R.IRYD JUBITed
T 8lqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 14

Gay et al.

150 _ _ VIN VIN (A9) A13 06a
GPT - /€T SyT - 08 abuey
24" 44’ uelpa\
1.0 VIN VIN (A9) asop 1 g paquasaid
(69) G5 (96) 8T ON
(Te) sz )L SOA
VIN VIN 1000°0> (%) "ou payean sapou ydwA| o1Ajad
(T e (s1) 62 ON
(68) TL (g8) 29T SBA
VIN VIN 070 (%) "ou — LHNI
06— 9t L0T —S¥ abuey
18 08 uelIpa\
VIN VIN 6.0 (A9) ALd 9sop wnwixen
LL-T 06 — 8 abuey
€L 0L ueIpa\
V/IN VIN 100 (A9) ALd 8sop wnwiuln
@ (1937 (69) 1§ (€9 sS4 ybIH
(ev) 9 (92) 02 (6€) €€ (8v) L6 >SU areIpaLLIaI|
(09) £ (e2) 961 @¢ (6v) 66 YSH Mo
100 T000°0> (%) "ou — AJ1IBASS J3JURD |[RIBAO
w0 20%20 20F€0 _ 10000 _ €0F Y0 Z0F€0 9% - 499U )M 3409 Asdoiq jo uopodoid ueay
(T12) € 91) 2 (8y) T¥ (z2) s L
(62) 11T (¥8) 822 (z9) s¥ (82) 25T 1L
YA T000°0> (%) "ou — afeys eaun D
| @0 | wz _ | €0 e | we _ 1<
_ (¢T=u) LAWN _ (T2Z=U) LAVN ON _ _ (98=N) LAVYN _ (20z=N) LAV¥N ON _
x9N|eA d _ AdeiayiAyoeag _ x9NJeA d _ e1sU] uoneipey weag [euisixd _

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2018 June 01.



Page 15

Gay et al.

AdesayiAyoeig= 1 g ‘awnjoA 1861e) Buluueld = Ald ‘uejdw] 1s0d ‘awnjoA 186Je] uoienjens = A3 :SUOIRIABIQY

66— 18 00T — 69 abuey
¥6 €6 uelIpa\
090 VIN VIN (%) AL3 00TA
8.1-9TT ore—2T abuey
89T 41 uelpaN
_ (yT=u) LawN | (TL2 =u) LAVN ON _ _ (98=N) LAwN | (202=N) LAVN ON _
x9N|eA d _ AdeiayiAyoeag _ <9n[eA d _ e1sU] uoneipey weag [euisixd _

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2018 June 01.



Page 16

Gay et al.

6T %099 %0'v€ €8 %G9 %G'CE -auljeseq
1004 + Jood Asap poo9) AJ9A + PO09) + Jle 1004 + Jood Aisp ¢PaM ¥ 1se| 8yl Burinp Ajfenxas uonouny
T000"> poo9 AJSA + poo9) + Jre4 01 A1jige JnoA a1el noA pjnom moy ‘|jelanQ
94T %6°09 %T°6€ 99 %6'7€ %2°S9 ‘sypuow g
99T %9'99 %'y 69 %V°'0€ %969 ‘Syjuow g1
€LT %569 %G'0¥ 69 %6'ST %178 syjuow 9
6T %969 %t°'0€ 18 %S9 %9'v€ -uljeseq
T000"> ¢(xewno) wsebio yoeas 03 Aljige JnoA
LST %T0¥ %665 59 %G'8T %G'T8 ‘syjuow ¢
€97 %6y %1'LS 19 %Y'6T %908 ‘syuow g1
69T %6'LY %1'¢S 99 %T1°CT %628 ‘Syjuow 9
68T %9'99 %b'EV 18 %EVS %L'SY -auljeseqd
pajUeM B} By} pajuem awi ayy
PAIUBAA JBABUBUAN + PAIUEM JIey noqy + pajuem awi PaJUBAA JBABUBYA + Pajuem Jey N0QY/ + pajueMm awi) £$99M 1 15e] 8y} BulInp suonaals Jnok jo
T000°0 awin ayj jjey ueyl sloN 3U1 Jey UeY} SS37 + J3NSN awni ayl Jey ueyy 3o 93U} Jley UBY} SSB7] + J9ASN ADNINOFHS 8up 8q10sap noA pjnom moH
65T %099 %0'v€ 99 %8'1¢ %¢C'89 ‘syjuow ¢
9T %829 %cC'LE 69 %V°0€ %969 Stjuow ZT
S7A %1’'€9 %9'9¢ 0L %9'8T %V'18 ‘Syjuow 9
T6T %8'¢L %c'Le 18 %0°€9 %0°LE -ouljeseg
95IN02J33UI A)AIE [enxas 85IN02J33UI AUARE [enxas £$98M 1 1se] 8y} Burinp suonaals Jnok jo
J1oj ybnous w4 + Aejdaloy J0J W1 JON + |[e Je BUON J0} ybnous w4 + Aejdaloy 10J WL 10N + J[e e 8UON | ALITVNO [ensn ayl aqLIasap noA pjnom moH
1000"> 10 uonegJmsew ybnous wii 10 uolzegimsew ybnous wii4
LST %9'TS %t'8Y L9 %6°€C %T'9L ‘syjuow ¢
0T %6°¢S %T'Ly cL %c'ce %8'LL ‘syuow g1
LT %875 %c'SY 69 %Y'LT %9'¢8 ‘Syjuow 9
86T %T'v9 %6°SE ¥8 %G'6S %G'0v -auljeseqd
T000°0 £UO0110313 Ue dAeY 01 AlljIge INOA
u poob A1sA + pooo) + ared 100d u poob A1aA + pooo + Jre4 100d £SM9aM 1 1se] 8y Burinp
+ duou 03 Jood Asap + auou 03 Jood Asap Buimo||o} 8y} 40 yaes a1ed NoA pjnom moH
LNeAd 1AvNON 1avN

‘SYIUOW 72 pue ‘T ‘9 ‘auljaseq 1e swall TOOHH [enxas J1d3 01 sasuodsas Juedionued Jo uonnguisia 1 AvN-/+ AJuQ Adeiay) uoneipey weag [eulsix3

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2018 June 01.



Page 17

Gay et al.

(339) suonenba Burewnss pazijessusb Jesul| ui siutod swi ay) pue dnoif UsaMIBQ WHS) UOHIBISIUI U} JO 1S8) B S108|4al anjeA d
¥

19T %L'L9 %ECe 99 %¢C'S9 %6'7€ syuow g
69T %0'TL %0'62 0L %EVL %L'SC ‘syjuow g1
€LT %G°0L %G'6¢ cL %€'S9 %L'vE Syjuow 9
167 %L'6L %€'02 78 %G'v8 %G'ST -auljeseq
ws|qoud [fews + wa|qoid wsa)qoud wsa|qoud |lews + wajqoid wa)qoud ¢S9aM 7 1se| ay) Burnp noA
[lrews AJaA + wajqoid ON B1g + wsajqoid aresspon [lews AJaA + wis|qoid ON Bi1g + wsajqo.d srelapoN 10} U33Q UOIOUNY [BNX3S JO XI€] JO LoRIUNy
2297 0 Jenxas InoA sey wajgoid e Big moy ‘[lesen0
69T %099 %0 ¥ 59 %9'v¢ %'SL ‘syjuow ¢
89T %999 %b'EV 19 %t°SC %9'VL ‘syuow g1
TLT %L'9S %EEY 89 %T1'6T %608 ‘Syjuow 9
u poob A1/ + pooo + JieH 1004 u poob AIaA + pooo) + areH 1004 £SM9aM 7 1se] 8y Burinp
+ duou 0} Jood A1sp + auou 03 Jood AusA Buimoy|o} 8y Jo yoea ayed NoA pjnom moH
SN d 1AdvNoON 1avN

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2018 June 01.



Page 18

Gay et al.

09¢ %T'EL %692 vT %E'V9 %L'SE -1AWN 03 lolid
. poo9) AIBA + Po09) + Jre 1004 + Jood Asap poo9) AJaA + o0 + Jle 1004 + Jood Asap ¢PaM ¥ 1se| 8yl Burinp Ajfenxas uonouny
06850 0} A)j1ge InoA ayes noA pjnom moy ‘[|essnQ

Tec %195 %6V 4% %0°0S %0°0S ‘syuow ¢

€ee %079 %19 7 %9'€9 %t'9€ ‘Syjuow g1

154 %G'LS %9°¢y €T %G'8€ %S'T9 syjuow 9

€4¢ %L'9L %E'€C vT %v'TL %9'8¢ -uljeseq
£269°0 ¢(xewno) wsebio yoeas 03 Aljige JnoA

9T¢ %0'8¢ %029 [4) %E'EE %L'99 ‘syjuow ¢

Lee %E 9y %L'€S 4% %L1y %€’'8S ‘Syluow ZT

T€C %EEY %L'9S €T %T1°€C %6'9L ‘Syjuow 9

€5¢ %9'€9 %V'9€ 14 %EY9 %L'SE -auljeseqd

pajuem awin ayl ey psjuem swiy syl jley

¥1.€0 PaJUBAN JBASUBYAA + PajuBM N0QY + Pajuem Wil Yy PaJUBAA JBABUBYA + PajueMm N0QY + pajuem awi ayy £$99M P 158] 8y} BulInp suonaals Inok
aw ay} ey eyl aIoN ey UBY} SS87 + JBNSN awin ay} ey eyl aIoN ey UeyY) SS9 + JaNSN J0 AONINOI YL 8y} 8q119sap noA pjnom moH

0¢ce %9'€9 %t'9€ 7 %9'€9 %t'9€ ‘syjuow ¢

6¢¢ %189 %6'TE 7 %LCL %E'Le Stjuow ZT

9€¢ %9'09 %t1'6€ €T %C 9 %6°'€S syuow 9

114 %G'6L %G°0¢ vT %9'8L %v'TC -ouljeseg
85IN02J3JUI AIAIOY [enXas 85IN02J3JUI AUAROY [enxas £$98M 1 1se] 8y} Burinp suonaals Jnok jo
7050 10} ybnous w4 + Aejdaloy JOJ WIS JON + |[e Je 8uoN 10} ybnous w4 + Aejdaloy J0J W1 JON + [[e Je BUON ALITVNO [ensn ayl aqLiasap oA pjnom moH

1o uopiegJnsew ydnous w4 10 uolregimsew ybnous wii4

(444 %G'0S %96V 4% %L1V %€'8S ‘syjuow ¢

8€¢ %8'€S %C 9 4 %005 %005 ‘syuow g1

1474 %0'TS %0'6¥ €T %G'8€ %S'T9 ‘Syjuow 9

¢9¢ %G'69 %G°0€ 14 %Ev9 %L'SE -auljeseqd
T0S6°0 £UO0110313 Ue dAeY 01 AlljIge INOA
u poof A48 + pooo + Jreq 100d u poob A3\ + pooo + Jre4 100d £SM9aM 1 1se] 8y Burinp
+ auou 03 Jood A1ap + auou 03 400d Aaan Buimo||o} 8y} 40 yaes a1ed NoA pjnom moH

LNeAd 1AavNoOoN 1avN

"SYIUOW {72 pue ‘gT ‘9 ‘auljaseq 1e swall TOOHH [enxas J1d3 01 sasuodsas uedidnued Jo | QvN-/+ Ajuo uonngriasig AdelsyiAyoeig

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2018 June 01.



Page 19

Gay et al.

(339) suonenba Burewnss pazijessusb Jesul| ui siutod swi ay) pue dnoif UsaMIBQ WHS) UOHIBISIUI U} JO 1S8) B S108|4al anjeA d
¥

44 %8'TL %€'8¢ 4 %€'8S %Ly syuow g

8€¢ %0'TL %062 T %9'vS %G'SY ‘syjuow g1

6EC %029 %T'€E €T %6°€S %C 9 Syjuow 9

09¢ %€E'C8 %L'LT 14 %9'8L %'TC -auljeseq
wsa|qoud |[ews + wajqoid wa)qoud ws|qoud |jews + wajqoid wa)qoud ¢S9aM 1 1se| 8yl Bunp
€1.8°0 1[ews A1aA + wa|qoid oN Bi1g + wsa|qo.d arelapoN Ilews AJaA + wis|qoid ON B1g + wsajqoid aresspoN NOA 10} USAQ UOIIOUNY [BNX3S JO X8| JO UoRdUNy
Jenxas InoA sey wajgoid e Big moy ‘[lesen0

6T¢C %6'€S %T'9Y [4) %€'8S %L'TY ‘syjuow ¢

LEC %8S %y T %9°'SS %G'SY ‘syuow g1

6€C %T1°€S %6'9% €T %G'8€ %G'T9 ‘Syjuow 9
u poob AJaA + pooo + ared 1004 u poob AIaA + pooo) + ared 1004 £SM9aM 7 1se] 8y Burinp
+ auou 03 400d AusA + auou 03 400d AusA Buimoy|o} 8y Jo yoea ayed NoA pjnom moH

SN d 1AvNoON 1avN

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2018 June 01.



Page 20

Gay et al.

181 %7196 %6°€ 8L %C'L8 %8'CT syjuow 9
¢0¢ %G'S6 %S'Y 78 %¥°'96 %9'€ -auljeseq
TS¢T0 1yBiam Apoq ul abueyd
19T %cC’'€8 %8'9T 69 %T1'v8 %6'ST ‘syuow g
08T %828 %l LT LL %C'6L %8°0¢ ‘Syluow ZT
18T %198 %6'vT 8L %T'v9 %6°'SE Syjuow 9
¢0c %198 %6°€T 68 %T V6 %6°S -auljeseqd
€000°0 ABiaua Jo xoe
191 %C'56 %8V 69 %C'v6 %8'S ‘syuow g
18T %L'T16 %E'8 Ll %G'€6 %S9 ‘syuow g1
18T %6°€6 %T°9 8. %296 %6°€ ‘slpuow 9
¢0¢ %T1°€6 %69 S8 %G'96 %S'€ -auljeseq
€€/8°0 passaidap Buijead
19T %886 %C'T 69 %T1'L6 %6'C ‘syuow g
181 %€’86 %L'T L %/.'86 %E'T ‘syuow zT
18T %¢€’86 %L'T 8L %v'L6 %9¢ Syjuow 9
TOC %G'86 %S'T 68 %00T %0 ‘auljeseq
T798°0 \QEmEm@m_:m\mwmsmncﬁ 1sealg
99T %9'L6 %'c 69 % 8'¢6 %E'L syuow g
18T %G'66 %S0 Ll %C'6L %8'0C ‘syjuow g1
¢81 % 8'L6 %c'C 8L %L'99 %EEE Syjuow 9
4014 %066 %0'T 78 %886 %C'T -auljeseq
2600 saysel} 10H
u wi)qoid wsajqo4d Big+ u wiaqoid wsajqo4d Big+ )
__W%M/NEEM_%%%n__%ha wajqo.d a1edspon __w%mw/++rcc¢_wm_.w%%a_%hhm wa|qoid a1elspoN sey ‘Aue 1 ‘team vwmh@%&ﬂﬂm%ﬂ__w\,_m_ﬁ_mwm%w_hm u,n%.m_
*9N[eA d T1AVNON 1avN

‘syjuow

¥ pue ‘zT ‘9 ‘auljaseq 1e swall TOOHH AlljRlA/RUOWIOH J1d3 01 sasuodsal Juedioied Jo uonnguisip 1 vN-/+ AJuO Adelsyl uoneipey weag |eulsix3

Author Manuscript

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2018 June 01.



Page 21

Gay et al.

158 |9ZSU3RH-[31UB|A-URIY0!
1 H-[S1UeN-uely o\Q
'(339) suonenba Buirewnss pazijelauab Jeaul| ul siutod awi ayy pue dnoib ussmIaq WiS) UOIDRIBIUL U} JO 158 B S)I8}481 aNnjeA d
19T %¢C'S6 %8t 69 %668 %T1°0T ‘Stuow ¢
6.1 %196 %6'€ L %L.°G8 %EVT ‘Syuow g1
u wi|qoid wsajqo4d Big+ u wia)qoid wsajqo4d Big+

|lews + wajgoid [rews
KIS\ + widjgoad oN

wia|qo.d 8yelspoln

|lews + wsajgoid [rews
KJI9A + widjgoad oN

wia|qo.d 8yelapoln

¢NOA 10} usaq Buimojjoy aya Jo yoes
sey ‘Aue J1 ‘syaam 1 1se| ay3 Buranp wsajgoad e Big moH

<anjen d

1AVN ON

1dvN

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2018 June 01.



Page 22

Gay et al.

(974 %26 %9'L 4 %E'E8 %L'9T ‘Syjuow g1
1214 %T'v6 %6°S €T %2°69 %8°0€ ‘Syjuow 9
TL¢ %T1'L6 %0'€ T %00T %0 ‘auljsseq
1050°0 \QEm_m; Apoq ur abueyd
€e¢ %v'88 %9'TT ¢l %.L'16 %€E'8 ‘syuow g
0S¢ %9°'G8 %' vT el %L'T6 %E'8 ‘syuow g1
¥S¢ %Ev8 %8'ST €T %C'69 %8°0€ syjuow 9
0L¢ %E'E6 %L'9 14 %626 %T'L ‘auljeseq
000€°0 ABisus Jo xoe
€ee %676 %C'S el %00T %0 ‘syuow g
6v¢ %V'96 %9°€ ¢l %E'€8 %L'9T ‘syuow zT
¥Se %L'S6 %EY €T %9'v8 %'ST Syjuow 9
T.¢ %656 104 1 %00T %0 ‘auljeseq
80¢6°0 \Qumwmmamu Burjas
€ee %166 %60 4 %00T %0 ‘syuow g
0S¢ %¢C'66 %80 ¢l %00T %0 ‘syjuow g1
€4¢ %886 %C'T €T %E'C6 %L'L Syjuow 9
0.2 %€E’'66 %L0 1 %00T %0 ‘auljaseq
16570 [7jMuawiabIe|ua/ssauIapua) 1seald
€ee %/L'86 %E'T el %L'T6 %E'8 syuow g
0S¢ %¢C'66 %80 4 %00T %0 ‘syjuow g1
€4¢ %9'L6 %'e €T %9'v8 %'ST Syjuow 9
0L¢ %€ 66 %L0 T %00T %0 ‘auljaseq
¥10T°0 [7]5°USel 10H
u wajqoud wajqoud Big u wajqoad wajqoad Big .
*x9N[eA d 1AVNON 1dvN

‘SYIUOW 72 pue ‘gT ‘9 ‘auljaseq 1e swall 70OHH AlelIA/eUOWIOH J1d3 01 sasuodsal juedionted jo uonngiiasip 1 AvN-/+ AJuo AdelsyiAyoeig

Author Manuscript

Author Manuscript

G 9lqeL

Author Manuscript

Author Manuscript

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2018 June 01.



Page 23

Gay et al.

158 |9ZSUBRH-|31UR|A-UBIYI0D

[t

'(339) suonenba Buirewnss pazijelausb Jeaull ul sutod awil ay) pue dnolb ussMIBQ WLIB) UOIJRIBIUI 8Y) JO 1S8) B S109]434 BNjeA d

€€

%076

%09

1)

%.L'16

%€E'8

syuow 2

wsajgoud
|lews + wajqoad [rews
KIS + widjgoud oN

wajqoud Big
+ Wa|qo4d ayesspoN

wajqoid
Irews + wajqoad [jews
AKJI9A + wigjgoad oN

wsajgoud Big
+ Wajqo4d ayresspoN

¢NOA 10} usaq Buimojjoy aya Jo yoes
sey ‘Aue J1 ‘syaam 1 1se| ay3 Buranp wsajgoad e Big moH

<anjen d

1AVN ON

1dvN

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2018 June 01.



Page 24

Gay et al.

159 108X3 S, 18ysi4 1o asenbs-1yD
«

66'0< 1874 0 600 S'c 0L 61°0 vy TL G0 q'e 89 wb1am Apoq ur sbueyd
66'0< vy 0 fAN1} 6'S T 190 0L 0 860 ¥7'6 €6 ABiaus 40 >oeT]
66'0< [Ar4 0 66°0< S'c € 66°0< L€ 0 66°0< S€ '€ passaidap BuilsaS
66'0< L0 0 66°0< 0T T 66°0< L0 0 6G°0 0T €¢ Juswabe|ua/ssaulapua) Jsealq
66'0< T 0 650 0T € 10 L0 TL e€T0 0¢ 8'q sayse|} 10H
:QirenA/eUOwLIOH
¢$29M ¢ 1se] ay1 Burinp
NOA 10} U98( UOIIdUNS [BNX3S JO Ie| JO Uoouny
¥9°0 96 €Yl 98°0 veT 91T 920 6'GT 9'82 180 8T 9'8T [enxas JnoA sey wajqo.d e Big moy ‘|[e1en0
£SY98M 17 1Se] 81 BuLinp Ajjenxas uoinouny
66'0< T8 TL 600 V'L €¢ 66°0< 78T €Vl T00 €971 AV 01 Auige unoA arel noA pjnom moy ‘[[elsno
66'0< 68 TL €00 6L T 81°0 8'8T 98¢ €00 6°€T v've ¢(xeuwr)o) wsebio yoeal 03 Aijige INoA
¢$99M ¢ 1se] 3Y3 BuLInp suo198.a INoA
66'0< €01 TL T00 ’an €¢ 00 7'1¢ L'SE [A0] €0¢ 9'q¢ 40 AONINOIHA ayp 8q1I0sap noA pjnom moH
£SY98M 1 1S€] 81 BuLINp SU0119318 INoA Jo
92’0 99 14 110 68 Gt TL°0 97 7'1¢ €00 6°¢CT €€eC ALITVNO [ensn 8y} 8quasap noA pinom moH
€e0 T8 eVl ¢00 70T € 61°0 6'6T 9'8¢ 100 LT L'9¢ ¢U01o8I8 Ue aney 0} AJ|Ige INOA
Jenxes
LMEAd | gyNoN | Lawn | PMAD | jgwnoN | 1awn | °MBAdD | 1avnoN | Lawn | 2MBAd | pavNoN | LavN
o5 AdeaaypAyoeag 0% |eulaIx3 95 AdesayiAyoeag 9% [eutalx3

"OW $Z "SA "OW 9

"W $Z "SA auljaseg

‘poriad awn ayy Burinp uonsanb uanib

© 10} A106310 paziwoioydip 1s10M ay1 01 Buiiys suedionued Jo abejusdlad ay) 10} YIUOW 7 "SA YIUOW 9 pue ‘YIuow g SA auljaseq ayl Jo uosuedwo)d

Author Manuscript

9 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2018 June 01.



	Abstract
	INTRODUCTION
	METHODS AND MATERIALS
	Centers and Subjects
	Measures
	Statistical Analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	References
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6



