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Abstract

Background and Objectives: To examine characteristics and survival outcome of women with
endometrial cancer who declined postoperative radiotherapy.

Methods: A retrospective study was conducted to examine surgically-treated grade 1-2 stage 1B
and grade 3 stage IA-IB endometrioid endometrial cancer in the Surveillance, Epidemiology, and
End Results Program between 1983 and 2013 (7= 10 613). Associations of patient declination for
guideline-based postoperative radiotherapy and clinico-pathological demographics or survival
outcome were examined on multivariable analysis.

Results: There were 323 (3.0%) women who declined adjuvant radiotherapy. Women who
declined postoperative radiotherapy were more likely to be older, White, Western U.S. residents,
and register in recent years (all, adjusted-~ < 0.05). On multivariable analysis, patient declination
for guideline-based postoperative radiotherapy remained an independent prognostic factor for
decreased endometrial cancer-specific survival in unstaged grade 1-2 stage IB or staged/unstated
grade 3 stage IA-1B diseases (adjusted-hazard ratio 1.84, 95% confidence interval 1.34-2.51, P=
0.001). Association of patient declination for guideline-based postoperative radiotherapy and
decreased overall survival remained independent in the entire cohort on multivariable analysis
(adjuvant-hazard ratio 1.71, 95% confidence interval 1.44-2.02, £< 0.001).

Conclusions: Our study suggested that patient compliance to guideline-based postoperative
radiotherapy is a prognostic factor for women with stage | endometrioid endometrial cancer.
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11 INTRODUCTION

In 2017, endometrial cancer remains the most common gynecologic malignancy in the
United States, and over 61 000 cases are estimated to be diagnosed with this disease.! The
majority of endometrial cancer patients undergo primary surgical treatment with total
hysterectomy, salpingo-oophorectomy, and possible lymphadenectomy in the presence of
risk factors.2 Surgical specimens are valuable to determine cancer stage, patient prognosis,
and additional treatment to decrease recurrence risk among patients whom the tumors
express certain risk factors.3

Radiotherapy is considered among the effective treatment modalities as adjuvant therapy for
endometrial cancer. The American Society of Radiation Oncology (ASTRO) recently
released evidence-based clinical practice guidelines on postoperative radiotherapy for
women with endometrial cancer,* which has been endorsed by the American Society of
Clinical Oncology (ASCO).> Unlike surgical treatment where the patient generally requires
only one time of treatment session, radiotherapy generally requires multiple treatment
sessions over weeks of time duration to complete the treatment course. For this reason,
patient compliance to adherent the treatment schedule has been an important factor for
treatment response in radiotherapy.

Association between patient non-compliance for radiotherapy and decreased treatment
outcome has been reported in various types of cancer including breast and head-neck
cancers.5-8 However, evidence examining the effects of patient compliance on survival
outcome has been lacking in endometrial cancer. The aim of the study was to examine
characteristics of women who declined postoperative radiotherapy and to assess survival
outcomes of women who declined postoperative radiotherapy for endometrial cancer.

21 MATERIALS AND METHODS

This is a retrospective observational study utilizing the Surveillance, Epidemiology, and End
Results Program that is a population-based tumor registry in the United States covering
approximately 28% of the population.® This publicly available and deidentified database is
supported and managed by the National Cancer Institute since 1973. The data entry is
performed by the certified cancer registrars, and survival data are linked with state mortality
records and National Death Index for verification. The Institutional Review Board in
University of Southern California exempted this study because of the use of publicly
available deidentified data. To outline the observational study results, the STROBE
guidelines were consulted for this study.1°

Eligible cases for this study were consecutive stage | endometrioid endometrial cancer cases
that underwent primary hysterectomy between 1983 and 2013. SEER*Stat 8.2.1 was used to
extract the dataset for the 1973-2013 case records, and the cases between 1973 and 1982
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were excluded from this analysis due to lack of information on the surgical procedures.
Cases with uterine sarcomas and metastatic tumors to the uterus were excluded. Women who
received radiotherapy prior to hysterectomy and unknown postoperative radiotherapy type
were also excluded from the analysis.

Based on the ASTRO guidelines, we identified the cases that met the recommendation
criteria for postoperative radiotherapy for endometrial cancer.# These cases included grade
1-2 stage IB disease, and grade 3 stage A diseases, and grade 3 stage IB disease. Then,
patients who received the adjuvant radiotherapy modality per the ASTRO guidelines were
identified: vaginal brachytherapy or whole pelvic radiotherapy for grade 1-2 stage IB
disease; vaginal brachytherapy or whole pelvic radiotherapy for grade 3 stage 1A disease.
For women with grade 3 stage IB, while whole pelvic radiotherapy is recommended per the
guidelines, a recent study examined the practice pattern for adjuvant radiotherapy for this
particular patient population demonstrated a significant increase in vaginal brachytherapy
use and therefore we included both vaginal brachytherapy and whole pelvic radiotherapy as
the choices of adjuvant radiotherapy.}l Among the cases that met with the recommendation
criteria for postoperative radiotherapy as above, the code described as “refused” in the
radiotherapy modality section was considered the surrogate marker for patient non-
compliance in a way of declination of postoperative radiotherapy in our study.

Clinical information abstracted from the database included patient demographics, tumor
characteristics, treatment patterns, and survival outcome. Patient demographics at cancer
diagnosis included chronological age (<60 vs =60 years), calendar year (1983-1999,
2000-2009, and 2010-2013), race (White, Black, Hispanic, Asian, and others), marital status
(single, married, and others), and registry area (West, Central, and East). Tumor
characteristics included cancer stage (1A, 1B, and INOS), grade (1, 2, and 3), histology
subtypes (endometrioid), and tumor size (<2 vs =2 cm). Treatment patterns included
hysterectomy types (simple vs extended), performance of pelvic lymphadenectomy
(performed vs not performed), and postoperative radiotherapy (vaginal brachytherapy, whole
pelvic radiotherapy with or without vaginal brachytherapy). Survival outcome included
cause-specific survival and overall survival.

Recorded cancer stage was reclassified with the American Joint Committee on Cancer 7th
edition surgical-pathological staging classification schema. The World Health Organization
histological classifications combined with ICD-0-3 site/histology validation list were used
for histologic subtypes.1? Cutoff values for patient age at diagnosis and tumor size were
based on prior studies.1213 Cause-specific survival was defined as the time interval between
the date of endometrial cancer diagnosis and the date of death from endometrial cancer with
censoring of patients who were alive at the last follow-up and who died of other causes.
Overall survival was defined as the time interval between the date of endometrial cancer
diagnosis and the date of death from any reason (all-cause), with censoring of patients who
were alive at the last follow-up.

For the internal validation of the study, women who met the criteria for high-intermediate
risk group in the PORTEC-1 trial were examined.1* PORTEC-1 was a multicenter
randomized controlled trial examining the effectiveness of post-hysterectomy pelvic
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irradiation for women with stage | endometrial cancer, enrolling women with grade 1 with
>50% tumor invasion, grade 2 with any invasion, and grade 3 with <50% invasion. The trial
showed that pelvic irradiation significantly reduced loco-regional recurrence but not all-
cause mortality. Based on this trial, women who had at least two out of three risk factors
(age =60 years, grade 3 tumors, and stage IB) were defined as the high-intermediate risk
group. In our study, we examined cases that met these criteria for survival outcome
comparing whole pelvic radiotherapy versus patient declination. All factors were available
for the analysis in this database.

The primary objective of analysis was to examine contributing factors for patient declination
related to postoperative recommended radiotherapy. The secondary objective of analysis was
to examine survival outcome of women with stage | endometrioid endometrial cancer who
declined postoperative radiotherapy. Among women who met the guideline
recommendations for postoperative radiotherapy, we compared women who declined the
radiotherapy to those who received adjuvant radiotherapy.

Binary logistic regression models (patient declination vs adjuvant radiotherapy) were used to
identify the independent contributing factors for patient declination for postoperative
radiotherapy. Covariates entered in the final model of the multivariable analysis were patient
demographics, tumor characteristics, and treatment patterns. Magnitudes of statistical
significance were expressed with adjusted-odds ratio (OR) and 95% confidence interval
(CI). Hosmer-Lemeshow goodness-of-fit test was used for evaluating the final model of
multivariable analysis.

The Kaplan-Meier method was used to construct the survival curves between the declination
group and the adjuvant radiotherapy group,1® and statistical significance between the curves
were assess with log-rank test in univariable analysis. Cox proportional hazard regression
models were used to determine the independent prognostic factors for cause-specific
survival and overall survival (all-cause) in multivariable analysis, 16 and covariates entered in
the final model were patient demographics, tumor characteristics, and treatment patterns.
Magnitudes of statistical significance were expressed with adjusted-hazard ratio (HR) and
95%CI. The variance inflation factor was determined among covariates in multivariable
analysis, and a value of 2 or greater was defined as multicollinearity in this study.1” Over-
adjustment in the multivariable model was assessed by the ratio between events of interest
and the entered variables in the model, and ratio <10 was defined as model over-adjustment.
18,19 All statistical tests were two-tailed, and P-values of less than 0.05 were considered
statistical significance. Statistical Package for Social Sciences (SPSS, IBM Corp., version
24.0, Armonk, NY) was used for all the analyses.

31 RESULTS

Patient selection schema is shown in Fig. 1. Among 235 849 cases of primary endometrial
cancer in the database, 219 543 women with non-endometrioid histology, stage I1-1V
disease, or unknown grade/stage/hysterectomy status, and who received neoadjuvant
radiotherapy were excluded from the study. Then, 16 306 women with stage IA-1B
endometrioid endometrial cancer who underwent primary hysterectomy were examined for
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postoperative radiotherapy indication, and 5693 women with grade 1-2 stage IA disease
were excluded. The study population therefore composed of 5783 women with grade 1-2
stage 1B disease and 4830 women with grade 3 stage 1A-IB disease.

Patient demographics are shown in Table 1. There were 323 (3.0%, 95%CI 2.7-3.4) women
who declined postoperative radiotherapy in our study population. When compared to women
who received the postoperative radiotherapy on multivariable analysis, those women who
declined the postoperative radiotherapy were more likely to be old (60 years or older vs
younger than 60 years, 3.4% vs 2.1%, adjusted-OR 1.52, 95%Cl 1.13-2.04, A= 0.005), of
White ethnicity (White vs non-White, 3.2% vs 2.6%, adjusted-OR 1.53, 95%Cl 1.12-2.10, P
=0.01), and Western United State residents (West vs Central, 4.6% vs 2.4%, adjusted-OR
2.13, 95%Cl 1.59-2.86, £< 0.001). Women who were registered in recent years were more
likely to decline postoperative radiotherapy (year 2000 and later vs before 2000, 3.2% vs
2.7%, adjusted-OR 1.40, 95%CI 1.04-1.88, = 0.03). Pelvic lymphadenectomy status was
not associated with patient declination for postoperative radiotherapy (adjusted-~ = 0.69).

Median follow-up was 71 months for the entire cohort: the patient declination group 55
months and the postoperative radiotherapy group 71.5 months. There were 1166 (11.0%)
deaths from endometrial cancer and 3493 (32.9%) deaths from any causes in the study
cohort.

Cause-specific survival was examined. On univariable analysis, women who declined
postoperative radiotherapy had a significantly lower 5-year cause-specific survival rate
compared to those who received the postoperative radiotherapy in grade 1-2 stage IB disease
if pelvic lymphadenectomy was not performed (declination vs radiotherapy, 80.1% vs
93.8%, P < 0.001); conversely, cause-specific rates were similar between women who
declined postoperative radiotherapy and those who received when pelvic lymphadenectomy
was performed (94.6% vs 93.6%, P=0.93; Fig. 2A,B). Among 3606 women with grade 3
stage IA-1B disease who underwent pelvic lymphadenectomy, patient declination for
postoperative radiotherapy was significantly associated with decreased cause-specific
survival compared to those who received postoperative radiotherapy (5-year rates 78.1% vs
86.9%, P =0.045); similarly, among 966 women who did not undergo pelvic
lymphadenectomy for grade 3 stage 1A-1B disease, the 5-year cause-specific survival rate
was lower in the patient declination group than the radiotherapy group but it did not reach
statistical significance (76.4% vs 82.3%, P=0.07; Fig. 2C,D).

A multivariable analysis was performed to examine the association of patient declination for
postoperative radiotherapy and cause-specific survival among the subgroups of women with
grade 1-2 stage 1B disease who did not undergo pelvic lymphadenectomy and grade 3 stage
IA-IB disease with or without pelvic lymphadenectomy (Table 2). After controlling for
patient demographics, tumor characteristics, and treatment patterns, patient declination of
postoperative radiotherapy remained an independent prognostic factor for decreased cause-
specific survival compared to the guideline-preferred radiotherapy (adjusted-HR 1.84,
95%Cl 1.34-2.51, £< 0.001). Older age, Non-White ethnicity, Central U.S. residence,
higher grade and stage, large tumor, and no lymphadenectomy were independently
associated with decreased cause-specific survival (all, adjusted-~< 0.01; Table 2).
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All-cause mortality was examined. On univariable analysis, patient declination of
postoperative radiotherapy was significantly associated with decreased overall survival in
women with grade 1-2 stage 1B disease who underwent lymphadenectomy (5-year rates for
patient declination vs postoperative radiotherapy, 80.9% vs 88.9%, £ = 0.025; Fig. 3A). In
the group of women with grade 1-2 stage IB disease who did not undergo pelvic
lymphadenectomy, clinical significance of patient declination for postoperative radiotherapy
was more eminent (57.0% vs 85.0%, £< 0.001; Fig. 3B). For grade 3 stage IA-IB disease,
women who declined postoperative radiotherapy had a significantly lower 5-year overall
survival rate compared to those who received radiotherapy in the lymphadenectomy cases
(71.0% vs 80.8%, P=0.003; Fig. 3C) and the non-lymphadenectomy cases (40.1% vs
70.9%, P<0.001; Fig. 3D).

On multivariable analysis controlling for patient demographics, tumor characteristics, and
treatment patterns in the entire cohort (Table 3), patient declination for postoperative
radiotherapy remained an independent prognostic factor for decreased overall survival
compared to the postoperative radiotherapy (adjusted-HR 1.71, 95%CI 1.44-2.02, P<
0.001). Additionally, older age, single marital status, higher grade tumor, higher stage
disease, large tumor size, and no lymphadenectomy were independently associated with
decreased cause-specific survival (all, adjusted-~ < 0.05; Table 3).

There were 5715 women who met the inclusion criteria for the PORTEC-1 trial. There were
277 women who declined the adjuvant radiotherapy. Women who declined adjuvant
radiotherapy had a significantly decreased cause-specific survival compared to those who
received whole pelvic radiotherapy (5-year rates, 82.3% vs 87.7%, £=0.016). On
multivariable analysis, patient declination remained an independent predictor for decreased
cause-specific survival compared to whole pelvic radiotherapy (adjusted-HR 1.58, 95%Cl
1.16-2.15, P=0.004; Table S1). Similar results were observed for overall survival (Table
S1).

41 DISCUSSION

Adherence to evidence-based treatment guidelines is a prognostic factor for cancer patients.
For instance, in ovarian cancer, adherence to guideline-based treatment for primary surgery
and postoperative chemotherapy is associated with improved survival.2% A similar study in
cervical cancer also showed decreased survival in patients who were not treated according to
guidelines.2! Both the care provider-side and the patient-side can be factored for the
guideline adherence, and these possible guideline adherent factors include hospital volume,
patient medical comorbidities, and patient non-compliance.20-22 In endometrial cancer, prior
studies mainly examined guideline adherence to surgical treatment recommendation or
mixed with other malignancies, and no study has solely examined the association of patient
non-compliance for postoperative radiotherapy and survival.23-29

Our results of decreased survival in non-compliant women with endometrial cancer for
postoperative radiotherapy are consistent with past studies reporting decreased survival
related to non-compliance to radiotherapy shown in other malignancies.8:"29 Therefore, our
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study not only validates their results but also endorses that patient compliance for
radiotherapy is an important factor for prognosis of women with endometrial cancer.

Various studies have tried to identify the predictors for patient non-compliance for
radiotherapy. In one large-scale study that examined patients who received external bream
radiotherapy, diagnosis of endometrial cancer was reported as a strong predictor for non-
compliance.30 Low socioeconomic status and prolonged treatment fractions were also found
to be the predictors for radiotherapy non-compliance.22-31 In a tumor registry study for
early-stage endometrial cancer, having multiple medical comorbidities significantly reduced
the likelihood of receiving postoperative radiotherapy.23 In our study, old age was associated
with increased risk of radiotherapy declination. Because older women with endometrial
cancer are more likely to have multiple medical comorbidities,3? this can be a possible
indirect causality of our findings. However, lack of information for medical comorbidities,
detailed socioeconomic status, or other pertinent information such as geography/distance to
radiation center, and social deprivation in this database limited the ability to examine the true
association of age and patient declination.

Our results showed that women who declined postoperative radiotherapy were less likely to
undergo lymphadenectomy. Per the current guidelines, a proportion of women in our study
population would likely have been recommended to undergo comprehensive
lymphadenectomy.? Therefore, there is a possibility that those women who declined
postoperative radiotherapy were also more likely to decline other guideline-recommended
treatment intervention such as lymphadenectomy or chemotherapy, as demonstrated in other
malignancies.” Chemotherapy might improve survival when there is a conglomerate of high
risk factors present such as high-grade disease with deep invasion.3 This database does not
have information for chemotherapy but adjuvant chemotherapy is generally not considered
as the standard for stage | endometrioid type of endometrial cancer. In this study, we did not
include cases with high-grade non-endometrioid tumor and/or stage 11-1V disease in order to
eliminate the effect of chemotherapy.

Definition of patient non-compliance to radiotherapy varies across the studies from missing
multiple fractions to declination.®:30 In our study, it is likely that those women who were
coded as “refused” for radiotherapy were most likely recommended postoperative
radiotherapy by care providers after hysterectomy-based surgery but did not receive any
radiotherapy. However, it was unknown if these patients initially received a certain fraction
of radiotherapy then declined in the middle of the radiotherapy course due to an adverse
event. Similarly, among women who were coded as undergoing radiotherapy treatment, it
was unknown it these patients completed the whole treatment session. Therefore, there may
be a possible misclassification in our study.

Historically, postoperative radiotherapy has been shown to reduce the risk of pelvic
recurrence but not improve cause-specific survival of women with early-stage endometrial
cancer.33 Our results validated this concept of postoperative radiotherapy in early-stage
endometrial cancer in that cause-specific survival of women who declined postoperative
radiotherapy was similar compared to those who received postoperative radiotherapy in
grade 1-2 stage IB disease with use of lymphadenectomy. However, of our interest, patient
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declination of postoperative radiotherapy was an independent prognostic factor for increased
all-cause mortality compared to postoperative radiotherapy in the same group. This may
possibly imply that women who declined postoperative radiotherapy were more likely to be
non-adherent to treatment recommendation for other medical condition resulting in deaths
from non-endometrial cancer reasons. As aforementioned, low socioeconomic status and
medical comorbidities are likely the causality of this association and further study will be
warranted.

The landmark studies composing the current ASTRO practice guidelines for adjuvant
radiotherapy in the treatment of women with stage | endometrial cancer include the
PORTEC-1 trial and the GOG-99 trial.14:33 In the current study, we performed a sub-
analysis per the PORTEC-1 criteria because the ASTRO guidelines and PORTEC-1 have
slightly different recommendation criteria for adjuvant radiotherapy and all the factors were
available in the database. For instance, the ASTRO guidelines do not factor patient age while
the PORTEC-1 trial does. That is, a patient with age younger than 60 years with grade 1-2
stage IB disease or a patient with younger than 60 years with grade 3 stage IA disease do not
meet the PORTEC-1 criteria but meet the ASTRO guideline criteria. In both analytic
approaches, we found that patient declination to adjuvant radiotherapy is associated with
decreased survival outcome, endorsing an importance of patient compliance to adjuvant
radiotherapy in the management of women with stage | endometrioid endometrial cancer.

Another limitation and weakness of our study is that we were not able to assess which type
of radiotherapy the patient indeed declined to receive. While vaginal brachytherapy is the
preferred radiotherapy modality in grade 1-2 stage IB disease, whole pelvic radiotherapy is
also recognized as an alternative treatment.* This database recodes the modality of
radiotherapy that the patient received, however, there is no information for which type of
radiation the patient was offered and declined to receive. Therefore, the rationale of patient
declination per the radiotherapy type was not able to evaluate in this study.

In addition, this study spans more than few decades, and there is a practice pattern change in
both lymphadenectomy and postoperative radiotherapy during time which may impact
patient declination.1! Lastly, this database does not have certain tumor information such as
lymphovascular space invasion that can impact on radiotherapy recommendation. For
instance, the GOG-99 trial demonstrated that lymphovascular space invasion is one of three
factors for the high-intermediate risk group where the radiotherapy is recommended.14
Therefore, we were not able to examine the significance of patient declination for adjuvant
radiotherapy per their criteria in this study. Strengths of our study include a homogenous
study population limited to stage | endometrioid type endometrial cancer chosen per the
guideline-based criteria and reproduced findings across sub-groups.

A clinical implication of the study is to reassert the importance of patient education/
counseling among patients at risk of non-compliance. Spending adequate time to discuss the
rationale of treatment goals, involvement of patient family or other support, removing
unrevealed psychosocial barriers between care provider and patient, and arranging
communication between patients may be useful strategies to improve patient treatment
compliance.
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51 CONCLUSION

Women who are older, non-White, Western U.S. residents, or diagnosed in more recent years
were more likely to decline postoperative radiotherapy. Moreover, women with stage |
endometrioid endometrial cancer who declined guideline-based postoperative radiotherapy
had a decreased survival compared to those who received the adjuvant radiotherapy.
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Corpus and uterus, malignancy diagnosed
(1973-2013)
N=246,737

Sarcoma n=10,579
Metastatic tumors to the uterus n=309

EMCA
n=235,849

—-I No hysterectomy information n=51,866

EMCA underwent hysterectomy
n=183,983

Non-endometrioid histology n=41,002
Stage II-IV, INOS, unknown stage n=37,326
Undifferentiated /Junknown grade n=9,667
No adjuvant RT* n=79,682

EMCA / hysterectomy / stage IA-IB endometrioid
met adjuvant RT recommendation criteria
n=16,306

——{ G1-2, Stage IAn=5,693

[ l
EMCA G1-2, Stage IB EMCA G3, Stage IA-IB
n=5,783 n=4,830
Adjuvant RT n=5,608 Adjuvant RT n=4,632
Declined RT n=175 Declined RT n=148

FIGURE 1.
Selection criteria. EMCA, endometrial cancer; G, grade; and RT, radiotherapy. *Including

unknown radiation modality type
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Survival curves for cause-specific survival. Log-rank test for AP-value. Survival curves were
constructed per the Kaplan-Meier method for cause-specific survival for grade 1-2 stage 1B
disease with lymphadenectomy (panel A), grade 1-2 stage IB disease without
lymphadenectomy (panel B), grade 3 stage |A-1B disease with lymphadenectomy (panel C),
and grade 3 stage IA-1B without lymphadenectomy (panel D). LND, pelvic

lymphadenectomy
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Survival curves for overall survival. Log-rank test for P-value. Survival curves were
constructed per the Kaplan-Meier method for overall survival for grade 1-2 stage IB disease
with lymphadenectomy (panel A), grade 1-2 stage IB disease without lymphadenectomy
(panel B), grade 3 stage IA-IB disease with lymphadenectomy (panel C), and grade 3 stage
IA-IB without lymphadenectomy (panel D). LND, pelvic lymphadenectomy
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