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Abstract

Objectives—Despite evidence that radiation therapy (RT) improves outcome in multiple 

malignancies, some patients with strong clinical indications still refuse RT. Data on factors 

associated with RT refusal are limited. Furthermore, the effect of RT refusal on outcome has not 

been clearly defined.

Methods—Patients with nonmetastatic cancer, diagnosed between 1988 and 2005, were 

identified in the Surveillance, Epidemiology, and End Results database. Univariate and 

multivariate methods were used to identify factors associated with RT refusal and the impact of 

refusal on outcomes.

Results—On univariate analysis, age, sex, marital status, tumor site, and tumor stage were 

associated with RT refusal (P < 0.001). On multivariate analysis, sex and tumor stage were not 

found to be associated with RT refusal. In contrast, age, race, marital status, and tumor location 

were significantly associated with RT refusal. The median survival of compliant patients was 171 

months compared with just 96 months among patients who refused RT.

Conclusions—A significant percentage of patients continue to refuse RT despite medical advice 

and evidence. Subgroups at particular risk of RT refusal include elderly, black and widowed 

patients. RT refusal is associated with markedly worse clinical outcomes.
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Modern cancer management is increasingly multimodal and radiation therapy (RT) is 

recommended as a component of care in many patients with nonmetastatic, solid 

malignancies. Despite considerable clinical evidence that RT improves outcomes in an array 

of cancers, some patients with strong clinical indications continue to refuse RT. Limited 

evidence is available to permit rigorous assessment of factors associated with the refusal of 
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RT. Such data may prove useful to clinicians as they approach patients reluctant to undergo 

recommended RT.

Prior efforts to characterize factors associated with RT refusal have, in general, been limited 

by small patient numbers and selection of specific tumor types, tumor stages or patient 

subpopulations. Furthermore, much of the limited available evidence focuses on tumor 

characteristics. There are only scattered studies analyzing the socioeconomic and 

demographic factors associated with refusing RT. Detailed analyses of socioeconomic and 

demographic factors predictive of RT refusal may permit identification of particularly “high-

risk” groups. This may in turn prompt focused investigations in such groups and heighten 

awareness of clinicians to the need for diligent patient counseling in those most likely to 

refuse recommended therapy. To define clinical, socioeconomic and demographic factors 

predictive of RT refusal, we used the Surveillance, Epidemiology, and End Results (SEER) 

database to evaluate radiation use and refusal with respect to patient, tumor, and treatment 

characteristics.

MATERIALS AND METHODS

Study Population

The SEER-17 registries data set of the US National Cancer Institute (April 2008 release) 

was used to identify all patients diagnosed with various, nonmetastatic cancers from January 

1, 1988, to December 31, 2005 for whom RT was recommended.1 The sites of disease 

included were lung, head and neck, breast, prostate, skin, gastrointestinal (esophagus, 

stomach, pancreas, colon, rectum/rectosigmoid), cervix, and uterus. Additional inclusion 

criteria included known age, sex, race, marital status, RT use, and known tumor stage. A 

total of 309,278 patients met these inclusion criteria. Informed consent by the study 

participants and approval of an ethics committee were unnecessary to perform the analyses 

in this study since all of the information from the SEER database is deidentified.

Statistical Analysis

RT use and refusal were evaluated with respect to categoric variables corresponding to 

multiple patient, tumor, and treatment characteristics (age, sex, race, marriage status, sites of 

disease, and SEER stage [localized vs. regional]). Unadjusted associations of variables of 

interest were evaluated using the Pearson χ2 test. Multivariate analysis was used to establish 

95% confidence intervals (CI) to quantify the use of radiation therapy across different 

subgroups. For multivariate analyses of RT refusal, binary logistic regression models were 

constructed in a forward stepwise fashion using specified variables of interest (age, race, 

sex, marital status, disease site, tumor stage, year of diagnosis, SEER registry). Variables 

were entered into the model with P < 0.05 and removed if the significance of that variable 

subsequently exceeded P = 0.10. These models were also used to assign a probability score 

to each patient regarding the likelihood of having refused RT. The resulting propensity 

scores for each patient could range from zero to one, with scores closer to unity suggesting a 

propensity toward adjuvant radiation. These values were then collapsed into deciles and 

used as a stratification variable to allow for propensity score correction for additional 

multivariate survival analyses.
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Overall survival was assessed using Kaplan-Meier survival analysis. Patients were censored 

at either death or date of last follow-up. The median survival of patients either receiving or 

refusing RT was determined from the Kaplan-Meier curves. Two-sided Mantel-Cox log-

rank tests were used to assess the significance of differences between survival curves. Cox 

proportional hazards models were also used to determine the hazard ratios associated with 

refusing RT. In both cases, propensity score correction was performed by stratifying patients 

by propensity score decile.

SEER*STAT software version 6.4.4 (Surveillance Research Program, NCI, Bethesda, MD) 

was used to extract case level data from the SEER public-use database. All analyses were 

conducted using the Statistical Package for the Social Sciences (SPSS, V14.0).

RESULTS

The study population consisted of 309,278 patients diagnosed with nonmetastatic cancer. 

Patient characteristics, primary site of disease, and SEER stage for this population are shown 

in Table 1. Breast cancer represented 60.8% of the cases, whereas head & neck cancer, lung 

cancer, and prostate cancer represented a significantly lower percentage of the cases. Table 2 

shows RT refusal by patient and tumor characteristics. Of all 309,278 patients, 2.2% refused 

RT. Refusal remained fairly stable over the examined time period with annual rates ranging 

between 1.3% and 2.8% (Fig. 1). Patients who were older, male and unmarried (particularly 

widowed) were more likely to refuse RT. Patients with prostate and colon cancer were more 

likely to refuse RT than patients with other common malignancies.

Logistic regression analysis of RT refusal and patient characteristics is shown in Table 3. On 

multivariate analysis, age remained an important factor in RT refusal, particularly with 

patients aged 75 years and older. Interestingly, multivariate analysis revealed that black 

patients were significantly more likely to refuse RT than white patients. Compared with 

single (never married) patients, married patients were more willing to accept RT whereas 

widowed patients were more likely to refuse it. Again, patients with prostate and colon 

cancer were most likely to refuse RT when offered.

The overall survival in both the group of patients who accepted RT and those who refused 

are shown in Table 4 and Figure 2. The median survival for the patients who were compliant 

with RT recommendations was 171 months whereas the median survival for the patients 

who refused RT was only 96 months. The hazard ratio for the group who refused RT was 

1.39 (95% CI: 1.34–1.45) after propensity score correction to account for other variables of 

interest.

DISCUSSION

A high percentage of patients accept RT when recommended as part of their cancer 

treatment plan. However, the 2.2% of patients that decline recommended RT represents a 

large absolute number of patients who are refusing standard therapy. Interestingly, the rates 

of refusal did not change significantly over the past several decades (Fig. 1). One might 

expect that improvements in radiotherapy techniques, and subsequent toxicity reductions, 

would result in decreased rates of refusal. This lack of change in refusal rate substantiates 
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the complexity of the reasons behind patient refusal and highlights the need for studies 

focusing on this issue to ensure radiation therapy is provided to all patients who may benefit. 

The particular reasons for which a patient might refuse therapy are not clear and may be 

attributable to a combination of socioeconomic, cultural, and health-related factors.

Ma et al analyzed radiation compliance in 855 lumpectomy patients with either ductal 

carcinoma in situ, infiltrating ductal cancer, or infiltrating lobular cancer.2 The thirty 

patients (4%) who refused RT were older and were more likely to have small tumors and 

noninvasive disease. Sociodemographic factors associated with RT refusal were not 

reported. The local recurrence for patients who refused radiation was more than double that 

observed in irradiated patients. However, given the small sample size, this did not achieve 

statistical significance. Similarly, we found that older patients were more likely to refuse 

RT. It is tempting to speculate on potential causative factors for this observation that could 

include reduced RT access, concerns about toxicities, limited social support, age-related 

changes in perspectives regarding health and end of life issues or even the aggressiveness of 

physician recommendations. However, we caution that this data does not address causation. 

Our results identify the elderly as an important group for further study regarding factors 

causally related to RT refusal but further interpretation may be compromised by bias.

As with previous studies, we found that blacks were more likely to refuse RT than whites 

and Asians. Merrill et al assessed the influence of race, age, stage, grade, and other disease 

characteristics on not receiving either surgery or RT in patients with invasive cervical 

cancer.3 Of 8119 patients, 8% of whites and 12% of blacks received no cancer-directed 

therapy. Of the women refusing RT, 54% of whites and 83% of blacks also refused surgery. 

Among patients refusing surgery, 23% of whites and 50% of blacks also refused radiation. 

Our data suggests blacks are approximately 30% more likely to refuse recommended RT. As 

discussed above, we caution against speculation regarding the causative factors associated 

with this disparity. However, further investigation is certainly merited as our data 

demonstrate inferior outcomes among patients who refuse RT and a higher rate of mortality 

has been demonstrated for black cancer patients in a number of large series.4 – 6

The influence of marital status on the acceptance of RT, and other related endpoints, has 

been explored. Kamer et al demonstrated that marital status influenced anxiety levels during 

intracavitary brachytherapy for gynecologic malignancies.7 Voti et al demonstrated that 

married women were 23% more likely to receive breast-conserving surgery with adjuvant 

RT compared with unmarried women.8 Gold et al demonstrated that among stage I breast 

cancer patients, being married was associated with both decreased probability of subsequent 

breast events and overall mortality. However, marital status was not significantly associated 

with the probability of RT delays or failure to complete RT.9 Chang and Barker 

demonstrated that married glioblastoma patients were more likely to undergo tumor 

resection and receive RT than unmarried patients.10 Our data largely conform with these 

observations and demonstrate that married patients were less likely to refuse RT than 

unmarried patients. Our results further demonstrate that widowed patients were most likely 

to refuse RT. This observation identifies a subgroup at significantly higher risk of RT refusal 

and merits further exploration. Additionally, as the relative risk of developing a mood or 

anxiety disorder is 3.5- to 9.8-fold higher among the widowed, radiation oncologists should 
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pay careful attention to potential comorbidities that may affect decisions to accept 

recommended RT in this patient group.11

Rates of RT refusal for most disease sites did not exceed 2.5% and exceeded 4% only for 

colon cancer and prostate cancer patients. The imperfectly defined role for RT in 

nonmetastatic colon cancer may contribute to this high rate of RT refusal.12 Furthermore, 

the acceptability of close surveillance in prostate cancer management in certain clinical 

scenarios may explain the rates of RT refusal in this disease.13

This study has several limitations. The SEER database provides unequalled patient numbers 

for the examination of uncommon events, such as RT refusal. It does not provide all 

information that may impact the decision of physicians to offer RT or patients to decline RT. 

For example, margin status profoundly impacts RT recommendations but is not captured in 

the SEER database. It is due to such limitations that we recommend caution in interpreting 

the observation that patients who refuse RT fare worse with respect to overall survival. This 

effect remained significant on multivariate analysis that accounted for other variables of 

interest. Nevertheless, this observation may be related to unknown factors in addition to the 

loss of potential benefit from RT itself when a patient decides to forego treatment. 

Furthermore, as mentioned above, our analysis provides correlates with RT refusal but does 

not address potential causative links between the examined factors and RT refusal. Thus, our 

results should predominantly be interpreted as hypothesis generating and subjected to further 

investigation.

RT is a critical element in the management of most nonmetastatic, solid cancers. This study 

demonstrates a high rate of RT compliance when recommended. However, older, black and 

unmarried patients are significantly more likely to refuse RT. Sensitivity to these correlates 

of RT refusal may assist clinicians in patient counseling. Additionally, these results may 

guide the design of additional studies designed to clarify the factors causally linked to RT 

refusal.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Rate of RT refusal by year of diagnosis (black line) and associated regression coefficient 

(gray line). The latter value represents the coefficient associated with each year of diagnosis 

for a binary logistic regression model of RT refusal (1988 equals the reference category). 

See Table 3 for regression coefficients of other significant variables in the final model.
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FIGURE 2. 
Overall survival for patients who received recommended RT (black line) and for patients 

who refused RT (gray line).
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TABLE 1

Patient and Tumor Characteristics

No. Patients (%)

No. patients, total 309,278

Age (yr)

 <40 5.9

 40–54 29.4

 55–64 26.1

 65–74 24.3

 ≥75 14.4

Sex

 Male 21.4

 Female 78.6

Race

 White 84.5

 Black 8.1

 Asian/Pacific Islander 6.9

 American Indian/Alaska Native 0.4

Marriage status

 Single (never married) 11.8

 Married 62.8

 Separated/divorced 11.3

 Widowed 14.1

Site of disease

 Lung 5.1

 Head and neck 8.5

 Breast 60.8

 Prostate 3.8

 Skin 0.6

 Gastrointestinal

  Esophagus 1.0

  Stomach 1.7

  Pancreas 1.1

  Colon 1.0

  Rectum/rectosigmoid 7.9

 Gynecologic

  Cervix 2.2

  Uterus 6.2

SEER stage

 Localized 56.8

 Regional 43.2
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TABLE 2

RT Use by Patient and Tumor Characteristics

RT Refusal (%) P*

All patients 2.2

Age (yr) <0.001

 <40 1.2

 40–54 1.4

 55–64 1.7

 65–74 2.2

 ≥75 5.1

Sex <0.001

 Male 3.0

 Female 2.0

Race 0.138

 White 2.2

 Black 2.1

 Asian/Pacific Islander 2.3

 American Indian/Alaska Native 3.1

Marriage status <0.001

 Single (never married) 2.3

 Married 1.8

 Separated/divorced 2.3

 Widowed 4.0

Site of disease <0.001

 Lung 2.0

 Head and neck 1.6

 Breast 1.9

 Prostate 7.6

 Skin 3.1

 Gastrointestinal

  Esophagus 2.1

  Stomach 3.8

  Pancreas 2.5

  Colon 8.4

  Rectum/rectosigmoid 2.0

 Gynecologic

  Cervix 1.6

  Uterus 2.3

SEER stage <0.001

 Localized 2.4

 Regional 2.0

*
Pearson χ2 value.
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TABLE 3

Logistic Regression Model of RT Refusal by Tumor and Patient Characteristics*

Regression Coefficient (95% CI) P

Age (yr) <0.001

 <40 1.00 (ref)

 40–54 1.16 (1.00–1.34)

 55–64 1.25 (1.08–1.45)

 65–74 1.47 (1.27–1.70)

 ≥75 3.38 (2.92–3.91)

Race <0.001

 White 1.00 (ref)

 Black 1.35 (1.23–1.49)

 Asian/Pacific Islander 1.08 (0.97–1.20)

 American Indian/Alaska Native 1.14 (0.79–1.63)

Marriage status <0.001

 Single (never married) 1.00 (ref)

 Married 0.65 (0.60–0.71)

 Separated/divorced 0.91 (0.82–1.00)

 Widowed 1.15 (1.05–1.26)

Site of disease <0.001

 Lung 1.00 (ref)

 Head and neck 0.76 (0.66–0.88)

 Breast 0.85 (0.75–0.95)

 Prostate 4.33 (3.79–4.95)

 Skin 1.16 (0.87–1.54)

 Gastrointestinal

  Esophagus 1.20 (0.91–1.57)

  Stomach 2.02 (1.68–2.43)

  Pancreas 1.44 (1.13–1.84)

  Colon 4.24 (3.57–5.04)

  Rectum/rectosigmoid 0.95 (0.83–1.10)

 Gynecologic

  Cervix 0.84 (0.67–1.05)

  Uterus 0.99 (0.85–1.15)

*
In addition to the variables shown, year of diagnosis and geographic region (SEER registry) were statistically significant and were included in the 

final model (P < 0.001 for both variables). The variables SEER stage and patient sex did not reach statistical significance (P > 0.05) and were not 
included in the final model.

Ref indicates reference category.
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TABLE 4

Overall Survival of Patients Receiving and Refusing RT

RT Given RT Refused P

Median survival (months [±SE]) 171 (±1) 96 (±3) <0.001*

Hazard ratio (95% CI)† 1.00 (ref) 1.39 (1.34–1.45) <0.001

*
Log-rank test of Kaplan Meier survival curves, stratified for propensity score decile regarding likelihood of RT refusal.

†
Univariate hazard ratio from Cox model, with stratification by propensity score decile regarding likelihood of RT refusal.
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