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SUMMARY

We used an electronic survey to quantify knowledge about radiation therapy among first and
fourth year medical students, and primary care physician attendings (PCPs) at 7 academic US
hospitals. We found that, although medical knowledge of radiation therapy principles improves
from first to fourth years, large knowledge gaps still exist between students, PCPs, and radiation
oncology attendings. Basic misconceptions persist among a minority of students and PCPs.

PURPOSE: The purposes are: (1) to assess the exposure that medical students (MSs) have to
radiation oncology (RO) during the course of their medical school career, as evidenced by two
time points in current medical training (i.e. 1st vs. 4th year; MS1s and MS4s, respectively); and,
(2) to assess the knowledge of MS1s, MS4s, and primary care physicians (PCPs) about the
appropriateness of RT in cancer management as compared to RO attendings.

METHODS: We developed and beta tested an electronic survey, divided into 3 parts: (1) RO job
descriptions, (2) appropriateness of RT, and (3) toxicities of RT. Surveys were distributed to 7 US
medical schools. A concordance of >90% (either “yes” or “no”) among RO attendings in an
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answer was necessary to determine the “correct” answer; and to compare to other subgroups using
a chi-squared test (p < 0.05 was significant).

RESULTS: The overall response rate for ROs, MS1s, MS4s, and PCPs was 26%; n: (22 + 315 +
404 + 43)/3,004. RT misconceptions decreased with increasing level of training. More than 1 of 10
MSs did not believe RT alone could cure cancer. Emergent oncologic conditions for RT (e.g.
spinal cord compression, superior vena cava syndrome) could not be identified by > 1 of 5
respondents. Multiple non-toxicities of RT (e.g. emitting low-level radiation from the treatment
site), were incorrectly identified as toxicities by > 1 of 5 respondents. MS4s/PCPs with an RO
rotation in medical school had improved scores in all prompts.

CONCLUSIONS: Although MS knowledge of general RT principles improves from 1st to 4th
year, a large knowledge gap still exists between MSs, current PCPs, and ROs. Some basic
misconceptions of RT persist among a minority of MSs and PCPs. We recommend implementing
formal education in RO fundamentals during the core curriculum of medical school.

INTRODUCTION

Cancer is a frequent cause of morbidity and mortality in the United States and worldwide
(1). It is estimated that around 60% of all cancer patients receive radiation therapy (RT) at
some point during their disease course (2). However, radiation oncology (RO) is
underrepresented in the curricula of most medical schools (3, 4), and it is estimated that only
15% of medical school graduates in the United Kingdom believe they know enough about
radiation therapy (5).

As survivorship from cancer continues to increase (6), medical practitioners throughout the
world will need to know the basics of RT, its role in the multimodal management of cancers,
outcomes, and toxicities. If physicians do not have a basic working knowledge of radiation
oncology, potential adverse clinical outcomes may include misdiagnosis and improper
treatment of misattributed symptoms (7). While studies have suggested that medical students
(MSs) and primary care physicians (PCPs; i.e. internal medicine and family medicine
attendings) in the US know little about RO and are not trained in this field in medical school
(8-10), and the extent knowledge about RO among these populations has not been quantified
to date.

The purposes of this work are: (1) to assess the exposure that medical students (MSs) have
to RO during the course of their medical school career, as evidenced by two time points in
current medical training (i.e. 1st vs. 4th year; MS1s and MS4s, respectively); and (2) to
assess the knowledge of MS1s, MS4s, and PCPs about the appropriateness and the role of
RT in cancer management, as compared to RO attendings. We hypothesized that MSs and
PCPs have limited knowledge of RO and that medical schools are not adequately training
MSs in RO.

METHODS AND MATERIALS

After Institutional Review Board approval, the authors constructed a survey, using consensus
recommendations for electronic methods of surveying clinicians (11, 12). The survey
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evaluated general RT knowledge that the authors felt was important for providers to learn
during medical school. The survey was divided into three sections: (1) RO job descriptions,
(2) appropriateness of RT, and (3) toxicities of RT. The surveys were beta tested using
cognitive interviews (13). Briefly, the authors sat with potential survey-takers (including
MS1s, MS4s, PCPs, and ROs) and discussed, question-by-question, the appropriateness of
the prompts. In total, 24 cognitive interviews were conducted (n = 6 per group) among eight
medical schools with affiliated academic hospitals in the US (Supplemental File 1).
Affiliated hospital were selected on the basis of students from these institutions rotating
through our Department of Radiation Oncology at our institution, a National Cancer Institute
(NCI)-designated National Comprehensive Cancer Network (NCCN) member hospital.

We contacted the corresponding medical school offices of 9 institutions and provided them
with: (1) the study synopsis; (2) our completed IRB forms; and (3) the sample survey. We
asked institutional officials to use email directories and registrars to provide us with the
email lists of potential respondents (MS1s, MS4s, PCPs, ROs; total: 3,004; listed in
Supplementary Table 1). Two institutions refused; the remaining 7 provided us the requested
information. All MS1s, MS4s, PCPs, and ROs provided were included in our email list. We
excluded invalid email addresses.

Email lists with individual addresses were compiled, and surveys with one-time use links
were emailed to the respondents using third-party software, similar to methods used in
related works (8, 13-15). The survey links were active from October 2013 — March 2014.
We sent three email reminders to take the survey to avoid message burden. If an email
recipient took a survey using a specific link, he/she was removed from subsequent email
reminders. An “unsubscribe” link was provided in every email message. Respondents were
able to provide their email addresses if they wanted the results of the survey.

Data were analyzed using frequency tables. A concordance of >90% (either “yes” or “no”)
among RO attendings in an answer for each question was necessary to determine the
“correct” answer. We ultimately excluded two non-mutually exclusive answer choices (out
of 66) and one question because not all ROs agreed on the correct answers.

The correct yes/no response (as determined by RO attendings) was then used to compare the
% answering correctly in other subgroups, using a chi-squared test. The following
comparisons were made for each question: MS1s vs ROs, MS4s vs ROs, and PCPs vs ROs.
We also performed a subset analysis of MS4s and PCPs who stated they completed a RO
rotation in medical school, as this group was postulated to have improved understanding of
the concepts of RT. For each question, the 95% confidence intervals (CIs) were calculated
for the % answering correctly. A p-value of < 0.05 was interpreted as statistically significant
between groups.

RESULTS

The characteristics of respondents are listed in Supplementary Table 1. The overall response
rate was 26% (783/3004), reporting from seven medical schools. Among the subgroups the
response rate was for 44% (22/50) for ROs, 24% (315/1,324) for MS1s, 31% (403/1,295) for

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2020 October 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zaorsky et al.

Page 4

MS4s, and 13% (43/335) for PCPs. Almost all (95%) ROs performed a RO rotation in
medical school; compared to 1% of MS1s, 9% of MS4s, and 4% of PCPs. Among MSs,
97% of respondents planned to enter a field besides RO. There were 42 respondents (40
MS4s and 2 PCPs) who had performed a RO rotation during medical school.

Regarding the prompts about the characteristics of a RO (Table 1), 45% of MS1 and 58% of
PCPs believed that completion of a radiology residency was necessary to become an RO (p
=< 0.0001); MS4s and MS4/PCPs with RO rotations in medical school correctly did not
believe this to be true. The understanding of a RO’s duties improved from MS1 to M4 and
PCPs; however, a significant number of respondents in each group believed that ROs “push a
button” to deliver RT daily (MS1: 24%, p = 0.009; MS4: 23%, p = 0.01; 19%, p = 0.03).
Comparatively, only 12% of MS4s and PCPs who performed a RO rotation in med school
believed this to be true (p = 0.06). Additionally, more than 1 of 3 MS1s, MS4s, and PCPs
did not believe that ROs were responsible for staging cancer patients (p < 0.01)

Regarding the prompts of appropriateness of RT (Table 2), a significant number of
respondents did not believe that RT could be used alone to cure certain cancers (%
answering correct of MS1s: 25%, p = 0.007; MS4s: 16%, p = 0.044); comparatively, 98% of
MS4s/PCPs who performed an RO rotation in med school correctly believed RT alone could
cure cancer. Additionally, a minority of MS1s, MS4s, and PCPs did not believe that “RT
could be part of the standard initial management” for treatment of arteriovenous
malformations, lymphoma, pancreatic cancer, spinal cord compression from cancer, or
superior vena cava syndrome. On the other hand, more than half of respondents incorrectly
believed that RT could be used to treat as part of the initial management of kidney cancer.
Knowledge of the appropriateness of RT improved from when comparing MS1s to MS4s
and MS4s to PCPs (as evidenced by increasing p-values). MS4s/PCPs who performed an RO
rotation in medical school were able to identify more conditions (e.g. lung, arteriovenous
malformations) where RT could be used as part of the standard initial management.

Respondents incorrectly believed that proton beam therapy was associated with improved
outcomes compared to conventional RT for prostate cancer (% answering correct of MS1s:
12%, p < 0.0001; MS4s: 63%, p < 0.0001; PCPs: 21%, p<0.0001; MS4s/PCPs with an RO
rotation: 67%, p < 0.0001). Respondent ability to define IMRT as “intensity modulated
radiation therapy” increased with level of training, but was still poor compared to RO
attendings (% answering correct of MS1s: 48%, p < 0.0001; MS4s: 56%, p < 0.0001; PCPs:
56%, p < 0.0001; MS4s/PCPs with an RO rotation: 83%, p = 0.04). Approximately a quarter
of MS1s and MS4s incorrectly believed that RT could not be used for pediatric cancers
because of the risk of second cancers and/or developmental defects.

Regarding the toxicity of RT (Table 3), many MS1s, MS4s, and PCPs incorrectly believed
that patients emit low level radiation from the treatment site for a brief time after external
beam RT (% answering correct of MS1s: 42%, p < 0.0001; MS4s: 51%, p < 0.0001; PCPs:
66%, p = 0.0017); while MS4s/PCPs with an RO rotation did not have this misconception
(86%, p = 0.23). As the level of training increased from MS1 to MS4 and to PCP, respondent
knowledge of the common side effects of RT for prostate cancer also improved.

Surprisingly, many MS1, MS4s, and PCPs incorrectly believed that the risk of developing a
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radiation-induced cancer after external beam RT was > 2% per year (% answering correct of
MS1s: 42%, p < 0.0001; MS4s: 61%, p = 0.0002; PCPs: 64%, p 0.001); while MS4s/PCPs
with an RO rotation did not have this misconception (86%, p = 0.6).

DISCUSSION

The knowledge gap about RT among US medical school graduates has not been previously
explored to this extent. We performed a multi-institutional survey that included respondents
of various levels of medical education: MS1s, MS4s, and PCPs. We found that although
student knowledge of general RT principles improves from 1st to 4th year, a large
knowledge gap still exists among MSs and current PCPs, when compared to ROs. Some
basic misconceptions regarding the benefits and harms of RT persist among a minority of
MSs and PCPs. Based on these findings, it seems that fundamental, core concepts in RT
have not been disseminated to the broader medical community.

Initiatives to better educate physicians regarding core RT principles should be considered.
We found that MS4s/PCPs with an RO rotation in medical school had an improved
understanding of RO job descriptions, appropriateness of RT, and RT toxicities when
compared to their peers who did not complete a RO rotation. Thus, formal exposure to RO
principles within the core curriculum of medical school may help resolve this knowledge

gap.

In 1994, the International Union Against Cancer recognized an imbalance between cancer
prevalence and the number of oncologists (16). It subsequently advised further integration of
oncology in medical school curricula (16-18). However, recent literature has shown that
medical student, resident physician, and general practitioner knowledge of core oncology
information is relatively low in the United States (19, 20).

The lack of basic RO knowledge among medical school graduates is unfortunate, since RT is
widely used in cancer patients and is generally delivered in a multidisciplinary cancer care
environment (2). Since patients often seek counsel from physicians outside of oncology,
with whom they have a long-standing relationship (e.g. PCPs, pediatricians,
gastroenterologists, cardiologists), it is essential that some essential knowledge be
disseminated broadly in medicine. Our survey respondents (Supplementary Table 1)
commonly planned to pursue internal medicine, family medicine, and obstetrics/gynecology
— all fields where longstanding relationships between the provider and patient would be
forged.

When prompted about the characteristics of a RO (Table 1), many respondents incorrectly
believed that RO is a branch of radiology. Many respondents incorrectly held beliefs that
ROs do not stage patients, and that ROs “push a button to deliver RT every day.” MS4s and
PCPs who had taken a RO rotation in medical school were more likely to answer questions
correctly, in comparison to their peers who had not taken such a rotation. From the
perspective of representing RO as a medical specialty, as well as attracting the best
candidates to the field of RO, there may be much to gain through better representation of RO
to MSs.
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A minority of MSs and PCPs were also frequently unable to identify situations where RT
would be an appropriate treatment (Table 2). For example, 16% of MS4s did not believe that
RT alone could be used to cure cancer. In addition, a minority of respondents incorrectly
believed that RT could not be part of the standard initial management of lung cancer,
lymphoma, or pancreatic cancer. Alternatively, approximately 1 of 3 respondents incorrectly
believed that RT could be used as part of the standard initial therapy of kidney cancer. A
minority of respondents could not identify emergent oncologic conditions where RT is
indicated and ROs should be consulted (e.g. spinal cord compression from cancer, superior
vena cava syndrome). On the other hand, many MS1s (88%), MS4s (37%), and PCPs (79%)
believed that proton therapy was associated with improved outcomes over conventional RT
for prostate cancer — a belief that likely stems from advertisement in the media, rather than
the medical literature (21).

From an oncologic perspective, these results are concerning: if a patient presents to an
oncologist with lymphoma, that patient would be referred to multiple other oncologic
providers, including a RO. Moreover, if a non-oncologist diagnoses an oncologic emergency,
the patient should be managed accordingly. For example, if a patient’s computed
tomography scan in an emergency department were to reveal spinal cord compression from
cancer, ROs hastily try to see that patient to start RT, typically on the same day to prevent
neurological progression.

A minority of MSs and PCPs were unable to correctly identify toxicities from RT (Table 3).
Strikingly, multiple non-toxicities of RT (including emitting low-level radiation from the
treatment site, and feeling or sensing RT), were incorrectly identified as potential toxicities
by at least 1 out of 5 respondents. Further, a minority of MS1s and MS4s could not correctly
identify the common toxicities of RT for prostate cancer; for example, more than 1 of 4
MS4s believed that RT could commonly cause a risk of infection due to bone marrow
suppression and second cancer formation. In general, knowledge about the potential
toxicities of RT increased with training, from MS1, to MS4, and then to PCP. However, none
of these groups scored as well as MS4s or PCPs with a prior RO rotation.

In the US, there is an increasing elderly population, increasing incidence of cancer with age,
and increasing survivorship from cancer (6). There has been an increased emphasis on
integrating pre-clinical courses in oncology into the medical student curriculum. Medical
student-reported outcomes of such initiatives are favorable and effective in helping identify
the basics of cancer therapy and laying the foundation for clinical electives in oncology (20).

Moreover, multiple studies have shown that an elective rotation in radiation oncology
improves knowledge of the field (8-10, 22), independent of a student’s ultimate career path
(13). These electives are particularly useful if they contain didactic sessions (e.g. lectures,
case discussions, contouring) (8, 23). Unfortunately, few students have the opportunity to
participate in such a rotation. In the current work, we found that only 5% of MS4s and PCPs
had a previous RO rotation. We noted that these respondents were more knowledgeable
about RT: they could identify the characteristics of radiation oncologists; and, more
importantly, they could correctly identify the indications for and toxicities of RT. Thus, we
recommend implementing an RO course during the core clerkships of medical school as a
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potential strategy to improve general medical knowledge of RO. Based on our findings, it is
clear that basic principles of RT are poorly understood within the broad community of
medical professionals, suggesting a need for ROs to better communicate the core principles
and indications for RT.

Our work has limitations. First, we did not distribute the survey to all medical schools,
including those in the Western US. Second, our response rate was 26%, and if the non-
respondents had taken the survey, the % answered correct may have been different. On the
other hand, research focused on substantive variables has concluded that response rates are
very weakly (if at all) related to the distributions of substantive responses (24, 25); thus, a
higher response rate would have likely yielded similar results. Third, we did not survey other
medical providers (e.g. cardiologists, gastroenterologists). We focused on internal medicine
and family medicine doctors because they typically have long-standing relationships with
patients.

CONCLUSION

Although MS knowledge of general RT principles improves from 1st to 4th year, a large
knowledge gap still exists between MSs, current PCPs, and ROs. Some basic
misconceptions of RT persist among a minority of MSs and PCPs. We recommend that ROs
focus on communicating the key aspects of RT to PCPs and colleagues in other specialties,
and one promising strategy is a clinical rotation or course in RO during the core curriculum
of medical school.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

REFERENCES

1. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA Cancer J Clin 2013;63(1):11-30.
[PubMed: 23335087]

2. Perez C, Brady LW, Halperin EC, et al., eds. Perez and Brady’s Principles and Practice of Radiation
Oncology. 5th ed: Lippincott Williams & Wilkins; 2007.

3. Hirsch AE, Singh D, Ozonoff A, Slanetz PJ. Educating medical students about radiation oncology:
initial results of the oncology education initiative. J Am Coll Radiol 2007;4(10):711-715. [PubMed:
17903756]

4. Biswal BM, Zakaria A, Baba AA, Ja’afar R. Assessment of knowledge, attitude and exposure to
oncology and palliative care in undergraduate medical students. Med J Malaysia 2004;59(1):78-83.

5. Cave J, Woolf K, Dacre J, et al. Medical student teaching in the UK: how well are newly qualified
doctors prepared for their role caring for patients with cancer in hospital? Br J Cancer
2007;97(4):472-478. [PubMed: 17667931]

6. Masters GA, Krilov L, Bailey HH, et al. Clinical cancer advances 2015: Annual report on progress
against cancer from the American Society of Clinical Oncology. J Clin Oncol 2015;33(7):786-809.
[PubMed: 25605863]

7. Shaikh G, Gerrad G. Non-oncology specialists may incorrectly attribute symptoms to previous
radiotherapy. Clin Oncol (R Coll Radiol) 2005;17(8):667-668.

8. Zaorsky NG, Malatesta TM, Den RB, et al. Assessing the value of an optional radiation oncology
clinical rotation during the core clerkships in medical school. Int J Radiat Oncol Biol Phys
2012;83(4):e465-469. [PubMed: 22704704]

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2020 October 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zaorsky et al.

Page 8

9. Dennis KE, Duncan G. Radiation oncology in undergraduate medical education: a literature review.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Int J Radiat Oncol Biol Phys 2010;76(3):649-655. [PubMed: 20159359]

Hirsch AE, Mulleady Bishop P, Dad L, et al. An increase in medical student knowledge of
radiation oncology: a pre-post examination analysis of the oncology education initiative. Int J
Radiat Oncol Biol Phys 2009;73(4):1003-1008; quiz 1008 e1001-1008 e1002. [PubMed:
19251088]

Klabunde CN, Willis GB, McLeod CC, et al. Improving the quality of surveys of physicians and
medical groups: a research agenda. Eval Health Prof 2012;35(4):477-506. [PubMed: 22947596]

Dykema J, Jones NR, Piche T, Stevenson J. Surveying clinicians by web: current issues in design
and administration. Eval Health Prof 2013;36(3):352-381. [PubMed: 23975760]

Zaorsky NG, Malatesta TM, Showalter TN, et al. Impact of a radiation oncology elective on the
careers of young physicians: update on a prospective cohort study. Int J Radiat Oncol Biol Phys
2013;86(2):214-215. [PubMed: 23498775]

Showalter TN, Ohri N, Teti KG, et al. Physician beliefs and practices for adjuvant and salvage
radiation therapy after prostatectomy. Int J Radiat Oncol Biol Phys 2012;82(2):e233-238.
[PubMed: 21605945]

Zaorsky NG, Siglin J, Den RB, et al. The responsibilities of a chief resident in radiation oncology:
results of a national survey. Int J Radiat Oncol Biol Phys 2013;87(3):460-461. [PubMed:
23906932]

Robinson LA, Spencer JA, Jones RH. Contribution of academic departments of general practice to
undergraduate teaching, and their plans for curriculum development. Br J Gen Pract
1994;44(388):489-491. [PubMed: 7748644]

Haagedoorn EM, de Vries J. Topic selection in undergraduate medical education and relevance to
general practice. J Cancer Educ 1998;13(3):137-140. [PubMed: 10898557]

Haagedoorn EM, De Vries J, Robinson E. The UICC/WHO-CCCE Cancer Education project: a
different approach. J Cancer Educ 2000;15(4):204-208. [PubMed: 11199236]

Barton MB, Bell P, Sabesan S, Koczwara B. What should doctors know about cancer?
Undergraduate medical education from a societal perspective. Lancet Oncol 2006;7(7):596-601.
[PubMed: 16814211]

Agarwal A, Koottappillil B, Shah B, et al. Medical Student-Reported Outcomes of a Radiation
Oncologist-Led Preclinical Course in Oncology: A Five-Year Analysis. Int J Radiat Oncol Biol
Phys 2015;92(4):735-739. [PubMed: 26104929]

Sheets NC, Goldin GH, Meyer AM, et al. Intensity-modulated radiation therapy, proton therapy, or
conformal radiation therapy and morbidity and disease control in localized prostate cancer. JAMA
2012;307(15):1611-1620. [PubMed: 22511689]

Golden DW, Spektor A, Rudra S, et al. Radiation oncology medical student clerkship:
implementation and evaluation of a bi-institutional pilot curriculum. Int J Radiat Oncol Biol Phys
2014;88(1):45-50. [PubMed: 24331650]

Golden DW, Raleigh DR, Chmura SJ, et al. Radiation oncology fourth-year medical student
clerkships: a targeted needs assessment. Int J Radiat Oncol Biol Phys 2013;85(2):296-297.
[PubMed: 22713834]

Groves RM, Presser M, Dipko S. The role of topic interest in survey participation decisions. Public
Opin Q 2004;68(1):2-31.

Curtin R, Presser S, Singer E. Changes in telephone survey nonresponse over the past quarter
century. Public Opin Q 2005;69(1):87-98.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2020 October 11.



Page 9

*Uga1B U1 aJe SIBUI0 ‘S8X0q Pal Ul 1B GO'Q > senjeA-d 810N

Adelay uonerpe. ;1 ‘ABojoouossiBojoouo uonelpes 10y ‘ueloisAyd a1es Arewnid :dDd ‘luspnis [ealpaw Jeak yunoy (pSIAl Uapnls [eo1patul Jeak 1Sl (TSIl {[eAJSIUI 80USPLUOD ([ SUOHRIAIGQY

Zaorsky et al.

Juaned
%00T 0 2 B
Kep
K1ana
1
%001 [44 0 Jenjep (Kidde
0} Uonng few e
eusnd « 1Ie 108]88)
s15160]00U0
%G6 T T2 ::%_mw.mw_ uoljelpel
i ‘130U UHM
jused e
swiy 5
%001 0 2 momey %&_mg
uaned
%00T 0 [44 ay
abel1s «
d/H
%00T 0 I44 wiopad
Aouspisal
Abojoipe. e a13|dwod
%56 Te T 3snw auo ‘1s160joouo
uoleIpe) B 30937 01
anfea-d Aj3081400 «S3AA, anfea-d A10a1100 «S3A,, «ON., «S3A
1D %56 pasenbs  Buisamsue  Buriemsue 1D %56 patenbs  Buemsue  Buniemsue  juswiealby  Buniemsue  Burismsue
-1y0 % u 40 % u u u 1dwoig
(¥0v=Uu) SyS (5TE=U) STSN (zz=u) soy

15160]00UO UONRIPR] B JO SONSLIBIoRIRYD 8y Bulpsebal sidwold

‘TolqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Radiiat Oncol Biol Phys. Author manuscript; available in PMC 2020 October 11.



anp s1a0ued oLiyelpad Ul pasn

Page 10

%001 (44 0 Janau st Adesayy uoneipey
Adelayy uorjeipes payejnpow
%001 0 44 Aysusju| @10y spuels 1HINI
‘Adesayy
UoljeIpes [eUOIIUBAUOD 0}
%0 44 0 patedwod sawo2Ino panoidwi
Um pajeroosse si Adesayy
uojo.d ‘19oued aelsoud Jo4
%0 22 0 sisdasoln «
3WO.pUAs
(ONS)
%001 0 (44 BARD BUSA
Jonadns «
J139UBD WOy
%00T 0 44 uoissaidwod
p109 eulds «
:SUONIPU0d
139U Buimojjoy
%001 0 44 811501 * 8y} Jo
Juawabeuew
J90ued lenut
%56 1 Te o13ealoued paepuels
ayy Jo ued
%00T 0 44 ewoydwA « ® se pasn
g ues 1y
%00T 0 44 Jaoued Bun « uoneipey
J139URD
%S 12 T foupISt »
J30ued
%56 T TC 1seaIg -
suorew.Ioyew
%00T 0 44 SNOUSNOLIBMY
ERH]
%56 T TC OWdYD YUM « ureas
(arernjjed
%G6 T 12 AK1abins yyum o
8.n2 0) pasn
%00T 0 [44 auofe « aq ued 1y
anfea-d Apo1100 «S3AA,, anfea-d Ajposaa00 «S3AA,, «ON., «S3AA.
1D %56 patenbs  Buniemsue  Buriamsue 1D %56 patenbs  Bunamsue  Buisamsue  juswiealby  Buitemsue  Buriamsue
-1yo % u -1yo % u u u
(¥0ov=Uu) SyS (§TE=U) STS (zz=u) sod

1dwoud

Zaorsky et al.

"1 Jo ssauajeridoidde ayy Buipaebal sidwold

¢ 9|qelL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Radiiat Oncol Biol Phys. Author manuscript; available in PMC 2020 October 11.



Page 11

Zaorsky et al.

"u9a1B Ul aJe SIBYI0 ‘$X0Q Pal Ul 1. GO'0 > sanjeA-d ;810N

Adetay uonerpel ;1 ‘ABojoouopsiBojoouo uonelpes 10y ‘ueloisAyd a1es Arewnid :dDd ‘lUspnis [eaIpawl Jeak yunoy (pSIAl UapnIs [eo1patu Jeak 1Sl (TSIAl [2AISIUI 30USPIUO0D :|D :SUOIBIABIGYY

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

‘(aun2 0}
j0u Ing swoldwAs anoidwi 03
%56 Te T '9'1) uonel|jed oy pasn sAemfe
1sowle s Adesayy uoneipey
‘urefe
%56 12 T palelpel ag Jouued 31 ‘uofielpel
SBAI903J BaJe UR 90UQ
'S)08)9p
leyuswdolanap Jo/pue Jaoued
pu02as e Jo ysi ybiy ay) o}
anfen-d  Appoasiod «S3A, anfen-d  Appoasiod «S3A, «ON,» «S3A,
1D %656 pasenbs  Bupsmsue  Buriamsue 1D %656 pasenbs  Bupemsue  Buiiamsue  juswieaiby  Buiiemsue  Buriamsue
-1yo % u -1y % u u u
(vov=Uu) syS (§TE=U) STSN (zz=u) soy

1dwoud

Int J Radiiat Oncol Biol Phys. Author manuscript; available in PMC 2020 October 11.



Page 12

Zaorsky et al.

Adesayr uoneipel ;1Y ‘ABojoouo/sIBoj0aUO uoieIpe) :0Y ‘UeldisAyd ared Arewid :dDd uapnis [edlpawl Jeak Yyunoy :7SIA Uspnis [edlpaw Jeak 1si1y :TSIN

‘[BAIBIUI BOUSPLUOD ([ SUONRIABIGQY

Jeak
0 0 0 0 0 1ad 0408 < o
noge
Teak st (awnay
0 0 0 4 0 1ad 950, — 0G * s,8u0
ut) Jaoued
Jeak pasnpul
E E el £e 0 18d%0g —0z+  -UoneIpE)
e
Jeak  Buidojansp
S vT 6T 12T 0 od 00T —Ge 1O YSH AU
‘Adesay}
Jeak uoneipel
%00T 0 144 10d 9%z >+ 1YY
Buluue) Jo
%56 Te T SSaUPaJ UIYS «
Juswiredwi
%00T 144 0 anuBoooInaN
o :(Bumojjoy
ay o
uonewloy  Aue1oajas)
%16 0z z Jaoued apnjaul
puU02aS o Aleardfy
Adesayy
uoissaiddns uoljelpel
Mollew JLESEENE]
%00T 144 0 auoq 0} apis
anp uonoaul uowiwiod
JOXSIY e 8y} 4adued
ayeisoud
Aouanbaiy 104
%00T 0 44 10 Aouabun
Areuun
peay sy
%001 44 0 U0 SSO| JIeH
‘uolelpes
3y} asuas/|as} 0} 8|qe aJe
%56 Te T sjuaired ‘sjuawyeas) uoelpe.
weaq [euaixs buling
‘Adesayy
uofleIpel Wweaq [eulaixa
%00T [44 0 Jaye pouiad Ja1iq e 10y 8l
JUBWILaI} Y} WOJy uonelpe.
|9N8]-MO] HW S)ualed
anfea-d Apo1100 «S3AA,, anfea-d Apo81100 «S3AA,, «ON., «S3A.

Author Manuscript

1D %56 patenbs  Buuiamsue  Burismsue 1D %56
-1ud % u

paJenbs
-yd

Buisamsue  Buriamsue  juswsalby  Bultamsue  Buriemsue

% u u

u

Author Manuscript

(vor=u) stSN

‘€ 9|qeL

Author Manuscript

(GTE=U) STS

(zz=u) sod

1dwoud

"1 Jo A91x01 ay1 Buipaebas sydwoid

Author Manuscript

Int J Radiiat Oncol Biol Phys. Author manuscript; available in PMC 2020 October 11.



Page 13

Zaorsky et al.

"U984B U1 aJe SIBLIO ‘S3X0Q Pal Ul aJe GO0 > sanfe-d 310N

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2020 October 11.



	SUMMARY
	INTRODUCTION
	METHODS AND MATERIALS
	RESULTS
	DISCUSSION
	CONCLUSION
	References
	Table 1.
	Table 2.
	Table 3.

