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Abstract

Objective—To determine the impact of recent relocation prior to a cancer diagnosis on cancer-

specific outcomes.

Methods—We identified 272,718 patients with two different entries in the Surveillance, 

Epidemiology, and End Results database within three years of each other. Those who had 

relocated to a different county between entries were identified and we determined the risk of stage 

IV disease or cancer-specific mortality among relocators and non-relocators after adjusting for 

other patient-specific demographic and clinical factors.

Results—A total of 4,639 (1.7%) patients relocated to a new county within three years prior to a 

second cancer diagnosis and 268,079 (98.3%) patients did not. Patients who had relocated to a 

new area were more likely to be diagnosed with stage IV cancer (25.2% vs. 20.8%; adjusted odds 

ratio = 1.27; 95% confidence interval [CI], 1.18–1.37; P < 0.001), and had an increased risk of 10-

year cancer-specific mortality (20.9% vs. 17.9%; adjusted hazard ratio 1.26; 95% CI, 1.17–1.36; P 
< 0.001).

Conclusion—These results suggest that recent relocation to a new county prior to a cancer 

diagnosis is associated with an increased risk of late-stage presentation and worse cancer-specific 

mortality.
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INTRODUCTION

Cancer patients are a vulnerable population at high risk of mortality for whom psychosocial 

stressors may affect the timing or delivery of life-saving treatment [1]. Although traditional 

measures of SES such as low income or low education have been previously associated with 

poor health or cancer-specific outcomes [2–4], these relatively static measures may not 

adequately capture the volatility of life changes that may affect the treatment and caregiving 

processes or long-term survivorship. One such form of psychosocial stress is relocation to a 

new area shortly preceding or following a cancer diagnosis [5]. Relocation has previously 

been shown to affect mental and physical health outcomes [6,7], but data on the effects of 

relocation shortly preceding diagnosis among cancer patients are lacking.

Relocation shortly before a cancer diagnosis may have a significant effect on cancer-specific 

outcomes. In particular, recent relocation, which represents a relatively acute form of 

psychosocial stress, may have a larger impact on cancer-specific outcomes than more 

chronic psychosocial stressors such as poverty. Cancer survivors reporting psychosocial 

stress have been shown to have higher levels of health care utilization and medical 

expenditures compared to those without cancer [8]; yet, patients who relocate may also 

experience a break in care continuity [9]. Relocation can also lead to social disconnectedness 

by disrupting social networks, which has been shown to have negative health effects [10].

Research suggests that relocation can also be a proxy for household financial hardship, 

which has been associated with negative cancer-specific consequences [11–15]; and, not 

surprisingly, cancer survivors reporting financial problems may be likely to delay or forego 

care compared to cancer survivors not reporting such problems [16]. Financial stress can 

arise from the cost of medical treatment, other medical supplies, and health support needs 

that are not covered by health insurance. Among patients without adequate health insurance 

coverage, these factors may cause even greater financial stress. In addition to the costs 

directly associated with treatment, a cancer diagnosis may lead to in inability to work and 

earn income as has been demonstrated to occur in 7–70% of patients diagnosed with cancer 

in previous studies [17,18].

In this study, we employ a novel approach using the Surveillance, Epidemiology, and End 

Results (SEER) national cancer database to study the effect of recent relocation on cancer-

specific outcomes. The primary aims of the present study were to determine the associations 

between recent relocation and diagnosis with late-stage cancer and between recent relocation 

and cancer-specific mortality. A second aim was to determine racial differences in the 

association between recent relocation and cancer-specific mortality, as other research has 

previously suggested racial differences in the response to psychosocial stressors [19,20]. 

Finally, the third aim was to compare the effect of recent relocation to the effect of baseline 

poverty on cancer-specific mortality. We hypothesized that recent relocation would be 

associated with an increased risk of stage IV disease at diagnosis as well as increased 
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cancer-specific mortality, even after controlling for other patient characteristics. We also 

hypothesized that the effect of recent relocation would be stronger among white patients 

than non-white patients and stronger than the negative consequences of baseline poverty.

MATERIALS AND METHODS

Patient Population

The SEER database is a population-based cancer registry that collects cancer diagnostic, 

treatment, and survival data along with patient demographic characteristics from 18 

registries within the United States, representing 28.0% of the population [21]. SEER reports 

the county of residence at the time of a cancer diagnosis. Therefore, we studied patients who 

had two cancer diagnoses within three years of each other so we could determine whether 

they had recently moved to a different county. Like all recorded cancer diagnoses in SEER, 

second cancers are recorded at the registry level and patient data is sent to SEER with a 

patient-specific identification number and a sequence number describing the order of the 

tumor in question (e.g. 1st or 2nd). Patients were included if they were diagnosed between 

1973 and 2011 and diagnosed with any malignancy at any stage, except for non-melanoma 

skin cancer, as these cases are not captured in SEER. Patients must have also resided in an 

area captured by one of the SEER registries (Alaska Native Tumor Registry, Arizona 

Indians, Cherokee Nation, Connecticut, Detroit, Georgia Center for Cancer Statistics, 

Greater Bay Area Cancer Registry, Greater California, Hawaii, Iowa, Kentucky, Los 

Angeles, Louisiana, New Jersey, New Mexico, Seattle-Puget Sound, and Utah) for both 

cancer diagnoses. This approach identified 272,718 patients. This study was approved by the 

institutional review board.

Definition of Variables

The primary outcome variables for this study included: (1) stage IV disease at presentation; 

and (2) 10-year cancer-specific mortality. Our primary predictor variable was recent 

relocation to a new county. We also extracted data on stage at presentation, county-wide 

median family income, marital status at diagnosis, race, age at diagnosis, and sex.

Statistical analyses

Stata/MP 13.1 was used for all statistical analyses. Multivariable logistic regression analysis, 

adjusting for marital status at diagnosis, change in marital status between diagnoses, sex, 

age, county-wide median income, and race, was used to model the odds ratio of stage IV 

disease at presentation among patients who moved to a new county compared to those who 

did not. A similar logistic regression analysis was used to compare the 10% of patients who 

lived in the poorest counties to the 10% of patients who lived in the wealthiest counties.

Differences between groups in the 10-year risk of cancer-specific mortality from the second 

diagnosis of cancer were estimated using the Fine & Gray model [22] for competing risks 

after adjusting for marital status at diagnosis, change in marital status between diagnoses, 

sex, age, county-wide median income level, and race. In a subsequent analysis, we also 

controlled for stage at diagnosis (stage I–III versus stage IV). Cancer-specific mortality was 

compared between patients who relocated to a new county and those who did not. This 
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analysis was repeated following stratification by race (white versus non-white) and by 

cancer site among the four most common cancers (lung, prostate, breast, and colon).

To test the possible effect of cancer recurrences or sites of metastatic disease being 

incorrectly recorded as second primary malignancies, we also repeated our analyses after 

excluding patients who were recorded as having been diagnosed with a second primary 

malignancy at the same site as the first primary malignancy or for whom the second primary 

malignancy was in a common site of metastatic disease (liver, lung, bone, or brain/central 

nervous system). We also performed a separate analysis including insurance status and 

change in insurance status between diagnoses (private/Medicare to Medicaid or no 

insurance, or Medicaid to no insurance), which was available for 22.0% of patients, as 

covariates. Cancer-specific mortality was also compared between the 10% of patients who 

lived in the poorest counties compared to the 10% who lived in the wealthiest counties.

RESULTS

Patient Characteristics

Of the 272,718 patients we identified, 4,639 (1.7%) relocated to a new county within three 

years prior to their second cancer diagnosis, while 268,079 (98.3%) did not. Baseline 

characteristics of the patients are shown in Table 1.

Recent Relocation is Associated with Later-Stage Diagnosis

Of patients who had recently relocated, 25.2% were diagnosed with stage IV disease, 

compared to 20.8% of those who had not recently relocated (adjusted odds ratio [AOR] 

1.27; 95% confidence interval [CI] 1.18–1.37; P < 0.001) (Table 2).

Recent Relocation is Associated with Increased Cancer-Specific Mortality

Patients who relocated within 3 years of a second cancer diagnosis had an increased risk of 

10-year cancer-specific mortality compared to those who did not, even after adjusting for 

patient-specific demographic factors (20.9% vs. 17.9%; adjusted hazard ratio [HR] 1.26; 

95% CI, 1.17–1.36; P < 0.001; Figure 1). When stage at diagnosis was included in the 

model, the effect of relocation on cancer-specific mortality was attenuated, but remained 

statistically significant (adjusted HR 1.16; 95% CI, 1.07–1.25; P < 0.001) (Table 3).

In a sensitivity analysis to test the possible effect of cancer recurrences or sites of metastatic 

disease being incorrectly recorded as second primary malignancies, we observed a similar 

increase in the rate of cancer-specific mortality after excluding the 31.2% of patients for 

whom their second cancer was at the same site as the first cancer or for whom the second 

cancer was diagnosed at a common site of metastatic disease (adjusted HR 1.24; 95% CI, 

1.13–1.37; P < 0.001).

Among the 22.0% of patients with complete insurance information, insurance status and 

changes in insurance status were not significantly associated with cancer-specific mortality 

(p > 0.05 in all cases), nor did inclusion of these factors in multivariable analysis reduce the 

estimated effect of relocation on cancer-specific mortality (not shown).
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We then conducted subgroup analyses for the four most common cancer types, including 

lung cancer (N=704 relocated), prostate cancer (N=404 relocated), breast cancer (N=571 

relocated), and colon cancer (N=355 relocated). We observed an increase in cancer-specific 

mortality associated with recent relocation among patients with lung cancer (adjusted HR 

1.26; 95% CI, 1.11–1.42; P < 0.001) or prostate cancer (adjusted HR 1.64; 95% CI 1.22–

2.19; P = 0.001), but not colon cancer (adjusted HR 1.06; 95% CI, 0.79–1.43; P = 0.701) or 

breast cancer (adjusted HR 1.12; 95% CI, 0.77–1.63; P = 0.555).

Racial Differences in the Association between Recent Relocation and Mortality

We found that at baseline, white patients in our cohort had a lower risk of cancer-specific 

mortality than non-white patients (adjusted HR 0.89; 95% CI, 0.86–0.91; P < 0.001). When 

we repeated our initial analysis stratified by race, we found that white patients who recently 

relocated had worse 10-year cancer-specific mortality compared to white patients who did 

not, like our overall cohort (21.3% vs. 17.7%; adjusted HR 1.30; 95% CI, 1.20–1.41; P < 

0.001). In contrast, we found that among non-white patients, relocation was not associated 

with a significantly increased risk of cancer-specific mortality at 10 years (18.8% vs. 19.1%; 

adjusted HR 1.10; 95% CI, 0.91–1.33; P = 0.315). Interestingly, the survival advantage 

observed for white versus non-white patients was lost among white patients who relocated to 

a new area (Figure 2; adjusted HR for white patients who relocated vs. all non-white patients 

1.00; 95% CI, 0.92–1.09; P = 0.926).

Mortality is More Closely Associated with Recent Relocation than with County-Wide 
Median Income Level

Lastly, as hypothesized, we found that the 10% of patients in the least wealthy counties in 

our cohort had a higher risk of 10-year cancer-specific mortality than the 10% in the 

wealthiest counties (18.4% vs. 17.3%; P < 0.005), but the difference was smaller than the 

one observed with recent relocation (absolute risk difference of 1.1% for baseline poverty 

vs. 3.0% for recent relocation). The 10% of patients in the poorest counties were more likely 

to be diagnosed with stage IV disease than the 10% in the wealthiest counties (24.0% vs. 

19.3%; P < 0.001), a similar difference to what was observed with recent relocation.

DISCUSSION

In this population-based study of cancer patients, we found that recent relocation to a new 

county was associated with an increased risk of advanced-stage disease at diagnosis and 

worse cancer-specific mortality. These effects persisted even after controlling for patient-

specific demographic factors, including sex, race, age, marital status, change in marital 

status between diagnoses, and county-wide income level. The mortality difference was only 

partially explained by the increased risk of stage IV disease among relocators. Our findings 

for the overall cohort were confirmed in the subgroups of patients with lung or prostate 

cancer, but not breast or colon cancers, although we may have been limited in our ability to 

detect differences within subgroups due to the relatively small numbers of patients who 

relocated in each subgroup, especially given that the estimated hazard ratios remained 

greater than 1 in the breast and colon cancer subgroups. Additionally, the survival decrement 

associated with recent relocation was worse than the survival gap between those in the 
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poorest and wealthiest counties by median family income, suggesting that the negative effect 

associated with recent relocation was larger than the chronic effect of living in a lower-

income area. While our methodology only allowed us to identify a small number of patients 

(4,639 patients, or 1.7% of the whole cohort) who relocated to a new county, our findings 

may be relevant to the 30–43% of cancer patients who experience similar forms of acute 

psychosocial stress such as relocation within the same county or financial hardship around 

the time of a cancer diagnosis [23–25].

There are many possible explanations for our findings. First, one possibility is that relocation 

shortly before a cancer diagnosis is a proxy for other forms of psychosocial stress caused by 

financial hardship, which may be especially likely in our patient population as all patients 

had been diagnosed with two cancers within 3 years, which may have caused reduced 

employment, income, and significant health care costs [26]. Such psychosocial stressors may 

lead to delays in cancer screening or diagnostic workup of worrisome symptoms, possibly 

because patients are preoccupied by financial concerns or have lapses in insurance coverage 

in the wake of financial insecurity [12–14]. We found that patients with evidence of recent 

relocation were at increased risk of late-stage presentation, consistent with delayed 

diagnosis. However, in multivariable regression analysis, the increased rate of late-stage 

diagnosis among patients who had relocated did not completely explain their increased risk 

of cancer-specific mortality, suggesting that other factors may have a role. If patients 

relocated due to financial hardship, they may have delayed or refused treatment due to cost 

concerns, which may partially explain their worse outcomes [25]. For example, patients may 

be hesitant to initiate a 6–8 week course of radiation that can interfere with their ability to 

earn income, but delays in the receipt of radiation therapy for cancer have been associated 

with an increased risk of locoregional recurrence and mortality [27]. Others have previously 

found that financial hardship and other psychosocial stressors are also associated with an 

increased risk of depression, anxiety, and worse overall health [28–30], which can lead to a 

reduced ability to tolerate definitive cancer therapy and decreased survival [31,32]. Future 

work will be needed to determine the specific factors that mediate the effect of recent 

relocation on the risk of late-stage presentation and increased cancer-specific mortality.

Second, recent relocation may lead to a disruption in social supports without sufficient time 

to re-build those networks prior to diagnosis [33]. Cancer patients who relocate away from 

caregivers and support networks might experience worse survival outcomes due to lose of 

instrumental support, such as assistance in going to appointments, reminders to take 

medication, and assistance with nutrition and mobility [34–36]. Similarly, the loss of 

emotional support from nearby friends and family has also been associated with worse 

cancer-specific survival [37]. Alternatively, it is also possible that patients who relocate do 

so to be closer to family members or other caregivers, but that the concomitant change in 

their social networks might still represent a disruptive psychosocial stressor that leads to 

worse outcomes despite increased family support.

Third, patients who relocated to a new county may have experienced gaps in health care 

continuity. A recent study found that over a third of Medicaid enrollees that moved to a new 

state experienced gaps in health care coverage [9]. Such gaps in care might lead to delayed 

cancer workup and diagnosis. In addition, based on our study design, all patients in our 
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cohort had been diagnosed with two cancers, so many may have already had relationships 

with oncologic providers to rely on at the time of second diagnosis. Those who relocated to 

a new county may have forgone this potential benefit.

The effects of relocation might be partially addressed through interventions at the societal 

and clinical levels. To ameliorate the negative effects of relocation at a societal level, there is 

a need to help ensure that patients with recent financial and psychosocial hardship can 

continue to receive appropriate care and avoid delayed diagnoses. Universal coverage for 

cancer treatment or at least screening, as the American Cancer Society has suggested [38], 

may help to address part of these issues. Consistent with a focus on patient centered care 

[39], at the clinical practice level, clinicians caring for cancer patients should implement 

distress screeners to detect patients experiencing recent relocation [40], doing so may 

uncover additional sources of psychosocial stress that patients might not otherwise mention. 

Cancer patients experiencing financial hardship, loss of social support, or a break in health 

care continuity may especially benefit from multidisciplinary coordinated assistance, 

including from social workers, psychologists, pharmacists, and hospital financial counselors 

to help ensure they receive appropriate and timely services to address their psychosocial 

needs along with their physical health needs, which may improve their chances of surviving 

their cancer.

We also found that non-white patients did not experience increased cancer-specific mortality 

following recent relocation, while white patients did. This result may seem counterintuitive, 

but adjustment for multiple indicators of socioeconomic context in previous studies has been 

shown to eliminate racial survival differences [41]. Others have suggested that older 

minority patients may be more resilient to financial or psychosocial hardship due to having 

weathered more psychosocial hardships previously [19]. In addition, strong racial identity 

among racial minority groups such as African Americans has also been reported to 

potentially buffer the effects of financial stress [20].

Our results are consistent with the work of others showing that psychosocial stressors, in 

addition to the influence of traditional measures of socioeconomic status such as low income 

or education [2,3], are associated with poorer all-cause mortality and cardiac-specific 

outcomes [30,41–45]. Our study adds an important dimension to this literature. This study is 

the first to our knowledge that specifically assesses the effect of recent relocation on cancer-

specific mortality. In addition, most of the current literature on the effect of psychosocial 

stressors on cancer-specific outcomes has either focused on acute stressors following 

diagnosis, which may be confounded by the presence of a new diagnosis, or on chronic 

stressors, such as baseline poverty preceding diagnosis. Our novel operationalization of 

recent relocation using the SEER database may capture additional aspects of patients’ 

socioeconomic context not previously measured in prior studies.

Our study has some limitations and should be interpreted with caution. First, there are likely 

many complex factors at play when patients relocate to a new county, and we were not able 

to determine the reasons for relocation for our cohort. We attempted to control for patient-

specific factors that may be related to the reasons for relocation, such as race, marital status, 

age, sex, and county income level, but it is possible that there are other biases or factors 
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present within this subgroup of patients that are partially responsible for the differences in 

stage at diagnosis and cancer-specific mortality that we observed. In particular, patient 

comorbidity, which is not available in the SEER database, may be an important cause of 

both relocation (e.g. to a retirement home or to be closer to family caregivers) and increased 

cancer-specific mortality. Similarly, change in health insurance status, which was only 

available for 22.0% of our cohort, might partially explain the association between relocation 

and mortality, despite the lack of an effect seen in our possibly underpowered analysis of 

insurance status.

Second, because we needed to be able to identify patients who relocated between two points 

in time and because patients are only entered into the SEER database once per cancer 

diagnosis, all patients in our study were diagnosed with two malignancies, and our analysis 

was focused on the second cancer. Based on the possible biases associated with this study 

design, our findings may have limited generalizability. Future work is needed to validate our 

findings in other cohorts of patients diagnosed with cancer.

Third, because the SEER database only provides county-level data for patient location, we 

could not distinguish between short-range relocations versus long-range relocations, which 

could potentially be more disruptive and have a larger effect on health outcomes. 

Furthermore, we could only control for income at the county level, and it is possible that 

variation in patient income level is able to explain some of the association between recent 

relocation and mortality, and that baseline differences in individual-level income better 

predict survival than differences in county-level income.

CONCLUSION

Using a large national cancer database of cancer patients, we found that relocation to a new 

county shortly preceding a cancer diagnosis was associated with an increased risk of late 

stage at presentation and increased cancer-specific mortality. Our results highlight the 

importance of social, economic, and provider stability for cancer patients and suggest that 

the negative effects of relocation might be even larger than the negative effects of poverty at 

baseline. Clinicians caring for cancer patients should seek to identify those who have 

recently relocated and offer access to additional resources, including from social workers, 

psychologists, pharmacists, and hospital financial counselors, as the associated psychosocial 

stress may have a significant negative impact on their odds of surviving their disease.
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HIGHLIGHTS

• Recent relocation prior to a cancer diagnosis may negatively affect 

outcomes.

• Recent relocation was associated with an increased rate of advanced 

disease at diagnosis.

• Recent relocators were also more likely to die from cancer than non-

relocators.

• Further work is required to determine the reasons for worse outcomes 

among relocators.
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Figure 1. 
Cancer-specific mortality among patients with or without recent relocation.
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Figure 2. 
Cancer-specific mortality among all white patients (N = 232,984), white patients who 

relocated (N = 3,855), and all non-white patients (N = 39,084).
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Table 1

Baseline patient characteristics.

Patients who did not relocate to 
a new county

Patients who relocated to a 
new county P-value

Number 268,079 4,639

Median age at time of first cancer diagnosis 68 67 < 0.001

Median age at time of second cancer diagnosis 69 68 < 0.001

Median county income at time of first cancer diagnosis $54,020 $53,880 < 0.001

Median county income at time of second cancer diagnosis $54,020 $54,020 < 0.001

% Men 55.1% 54.8% 0.655

% Married (at time of second diagnosis) 61.2% 47.7% < 0.001

% White 85.7% 83.3% < 0.001
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Table 2

Multivariable logistic regression for predictors of diagnosis with stage IV disease. AOR = adjusted odds ratio, 

CI = confidence interval.

Covariate AOR 95% CI

No relocation 1

Relocation 1.27 1.18–1.37

Median family income (by $1000) 0.99 0.99–0.99

Unmarried 1

Married 0.90 0.88–0.92

No change in marital status 1

Change in marital status 0.98 0.95–1.01

Non-white 1

White 0.81 0.78–0.83

Female 1

Male 1.18 1.16–1.21

Age at diagnosis (years) 1.01 1.01–1.01
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Table 3

Multivariable competing risks regression for cancer-specific mortality, without stage (Model 1) or with stage 

(Model 2) included as a covariate. AHR = adjusted hazard ratio, CI = confidence interval.

Covariate

Model 1 Model 2

AHR 95% CI AHR 95% CI

No relocation 1 1

Relocation 1.26 1.17–1.36 1.16 1.07–1.25

Stage I–III - 1

Stage IV - 3.77 3.69–3.85

Median family income (by $1000) 0.999 0.999–1.001 1.001 1.001–1.002

Unmarried 1 1

Married 0.98 0.96–1.01 1.007 0.98–1.03

No change in marital status 1 1

Change in marital status 0.83 0.79–0.86 0.82 0.79–0.86

Non-white 1 1

White 0.89 0.86–0.91 0.94 0.92–0.97

Female 1 1

Male 1.38 1.35–1.41 1.36 1.33–1.39

Age at diagnosis (years) 1.02 1.02–1.02 1.02 1.02–1.02
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