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Abstract

Purpose: Patient travel time can cause treatment delays when providers and families

decide to seek proton therapy. We examined whether travel distance or referral pattern

(domestic versus international) affects time to radiation therapy and subsequent disease

outcomes in patients with medulloblastoma at a large academic proton center.

Patients and Methods: Children with medulloblastoma treated at MD Anderson (MDA)

with a protocol of proton beam therapy (PBT) between January 4, 2007, and June 25,

2014, were included in the analysis. The Wilcoxon rank-sum test was used to study the

association between time to start of radiation and distance. Classification- and

regression-tree analyses were used to explore binary thresholds for continuous

covariates (ie, distance). Failure-free survival was defined as the time interval between

end of radiation and failure or death.

Results: 96 patients were included in the analysis: 17 were international (18%); 19

(20%) were from Houston, Texas; 21 were from other cities inside Texas (21%); and 39

(41%) were from other US states. The median time from surgery to start of radiation was

not significantly different for international patients (median ¼ 1.45 months) compared

with US patients (median ¼ 1.15 months; P ¼ .13). However, time from surgery to start of

radiation was significantly longer for patients residing . 1716 km (. 1066 miles) from

MDA (median ¼ 1.31 months) than for patients residing � 1716 km (� 1066 miles) from

MDA (median ¼ 1.05 months; P ¼ .01). This 1- to 2-week delay (median¼ 7.8 days) did

not affect failure-free survival (hazard ratio ¼ 1.34; P ¼ .43).

Conclusion: We found that short delays in proton access can exist for patients traveling

long distances to proton centers. However, in this study, treatment delays did not affect

outcomes. This highlights the appropriateness of PBT in the face of travel coordination.

Investment by proton centers in a rigorous intake process is justified to offer timely

access to curative PBT.
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Introduction
Medulloblastoma is one of the most common pediatric cancers and the most common pediatric malignant brain tumor,

accounting for approximately 10% of all primary pediatric central nervous system tumors [1, 2]. Treatment for medulloblastoma

has evolved in recent decades, most significantly with the development of trials exploring systemic-agent assignment based

on tumor molecular subgroups [3, 4] and with proton therapy becoming a mainstay of treatment for craniospinal irradiation

(CSI). Proton therapy is favored over photon radiotherapy in medulloblastoma because proton therapy can preserve

surrounding structures in the nervous system; can avoid radiation exposure to healthy tissues, such as the heart, stomach,

thyroid, lungs, reproductive organs, and intestines; and can reduce long-term treatment-induced toxicity [5–10].

Radiation is central to the treatment of medulloblastoma and is typically recommended to initiate within 4 weeks following

surgical resection. In general, delays in treatment of cancer can result in significant compromises in outcomes, although this

has not been well studied in patients with medulloblastoma [11–13]. Delays in treatment are particularly relevant to patients

with medulloblastoma because of the low availability of proton therapy centers in the United States. There are fewer than 50

centers in operation, under construction, or in development in the United States, so many patients must travel long distances

to receive proton therapy [14]. However, there is no information available, to our knowledge, studying the association between

patients with medulloblastoma who must travel long distances to receive treatment and their overall outcomes in comparison

to patients within close proximity of a proton center. Data that currently exist suggests inconclusive evidence that increased

distance to health care treatment location affects general outcomes [15–17].

To address this gap in knowledge, we retrospectively examined our pediatric patients with medulloblastoma enrolled in

trials at MD Anderson (MDA) to determine whether patient travel was associated with treatment delays or if timely access to

care and clinical outcomes are associated with such delays.

Materials and Methods
Children with medulloblastoma consecutively treated at our proton center between January 4, 2007, and June 25, 2014, were

included in the analysis (N ¼ 96). All children were treated on prospective trials. However, those patients treated on protocols

without primary endpoints yet reported were excluded to preserve outcomes reporting (n ¼ 39 of 135; 29%). Patient

demographics, clinical characteristics, and outcomes were summarized through descriptive statistics. Event-chart plots were

used to visualize time from surgery to radiation start for each patient by location. Wilcoxon rank-sum test was used to study the

association between continuous and dichotomous variables. Classification- and regression-tree analyses (CARTs) were used

to assess whether a given distance threshold existed that led to delays in treatment start. Briefly, CART is a machine-learning

technique that recursively partitions a covariate space by doing binary splits, producing groups that are as homogeneous as

possible with respect to an outcome of interest [18]. To determine whether travel led to delays that subsequently affected

medulloblastoma outcomes, we assessed whether longer distances were associated with shorter failure-free survival (FFS).

The FFS was defined as the time interval between end of radiation and failure or death, whichever occurred first, censored at

the last follow-up date for patients who neither failed nor died. Failure was defined as first imaging evidence of tumor

progression or recurrence. Survival curves were estimated by the Kaplan-Meier method. Cox proportional hazard-regression

models were used to test the effect of risk factors on survival (two-sided Wald tests) and to estimate effect sizes of risk factors.

Statistical analyses were conducted in R (version 3.4.2, Foundation for Statistical Computing, Vienna, Austria). Statistical

significance was defined as P , .05.

Results
A total of 96 patients were included in the study. The median follow-up time for patients alive during the study period after the

end of radiation therapy was 42.9 months (95% confidence interval [CI], 31.1-57.1). The median age at diagnosis was 6 years

(range, 1-17), 59% of the patients were male (n ¼ 57), and 68% of the patients were white (n ¼ 65). The most common

histologies were classic medulloblastoma (n ¼ 52; 54.2%) and anaplastic medulloblastoma (n ¼ 24; 25%). Sixty patients

(62.5%) belonged to the average-risk group, and 36 (37.5%) to the high-risk group. Seventy-one patients (74%) had gross total

resections, 23 (24%) had subtotal resections (24%), and 2 biopsy (2%). All patients (100%) received curative-intent proton

therapy, with almost all receiving CSI plus boost (n ¼ 87; 90.6%), whereas a few patients (n ¼ 9; 9.4%) received PBT to the

tumor bed alone. Twenty patients (21%) died during the study period, and among those who died, the most common cause of

death was tumor (n ¼ 19; 95%). A complete summary of overall patient characteristics is presented in Table 1.
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Table 1. Patient demographics and clinical characteristics.

Patient characteristics Results; N ¼ 96

Sex, No. (%)

Female 39 (40.6)

Male 57 (59.4)

Race, No. (%)

Hispanic 14 (14.6)

White 65 (67.7)

Black 4 (4.2)

Asian 4 (4.2)

Unknown 9 (9.4)

Age at time of diagnosis (y), median (min, max) 6 (1, 17)

Distance from MDA, km (miles)(median min, max) 1622 (1008) (1, 9362)

State, No. (%)

AK 1 (1.0)

AZ 2 (2.1)

CA 3 (3.1)

CO 1 (1.0)

FL 1 (1.0)

GA 1 (1.0)

HI 1 (1.0)

IA 1 (1.0)

IL 4 (4.2)

KY 1 (1.04)

LA 1 (1.0)

MD 1 (1.0)

MI 4 (4.2)

MN 1 (1.0)

MO 2 (2.1)

NE 2 (2.1)

NY 1 (1.0)

PA 4 (4.2)

TX 39 (40.6)

VA 1 (1.0)

WA 4 (4.2)

WI 3 (3.1)

International 17 (17.7)

Country, No. (%)

Australia 2 (2.1)

Cayman Islands 1 (1.0)

Denmark 8 (8.3)

Japan 1 (1.0)

Kuwait 1 (1.0)

Peru 1 (1.0)

Turkey 1 (1.0)

UAE 2 (2.1)

United States 79 (82.3)

Histology, No. (%)

Anaplastic 24 (25.0)

Desmoplastic 9 (9.4)

Large cell 1 (1.0)

Medulloblastoma classical 52 (54.2)

Other 10 (10.4)
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Seventeen patients (18%) were from outside the United States; 19 patients (20%) were from Houston, Texas; 21 (22%)

were from other cities inside Texas; and 39 (41%) were from other US states. Thus, 42% (n ¼ 40) of the treated patients were

considered local (within Texas), whereas most patients (n ¼ 56; 58%) traveled from afar. The median patient travel distance to

MDA was 1622 km (1008 miles; range, 1-9362). The median time from surgery to start of radiation was 1.22 months (range,

0.6-45.2), and the median time from diagnosis to surgery was 2 days (0-642). Travel distance by international status and by

state is presented pictorially in Figures 1 and 2.

When evaluating time to treatment start based on location, the median time from surgery to start of radiation was 1.45

months for patients outside the United States and 1.15 months for patients in the United States, with no statistically significant

differences between groups (P ¼ .13; 95% CI, �0.09 to 0.66). Furthermore, the median time from surgery to the start of

radiation was 1.18 months for patients in Texas and 1.14 months for patients in other US states, with no statistically significant

differences between groups (P ¼ .32; 95% CI,�0.33 to 0.13). Therefore, time from surgery to treatment start was not affected

by international or non-Texas location status.

However, when a cutoff of � 1716 km (� 1066 miles) versus . 1716 km (. 1066 miles) from our proton center, suggested

by the CART analyses, was used, the time from surgery to start of radiation was significantly longer for patients residing

. 1716 km (. 1066 miles) from MDA (median ¼ 1.31 months) than for patients residing � 1716 km (� 1066 miles) from MDA

(median ¼ 1.05 months; P ¼ .01; 95% CI,�0.76 to�0.06; Table 2). Thus, living . 1716 km (. 1066 miles) away correlated

with a treatment delay of 1 to 2 weeks (7.8 days). However, that delay did not lead to any significant effect on FFS; there was

no statistically significant association between residing . 1716 km (. 1066 miles) from MDA versus those residing � 1716

km (� 1066 miles; 3-year FFS, 66.34% for � 1716 km [� 1066 miles] and 59.58% for . 1716 km [. 1066 miles]; hazard ratio

[HR] ¼ 1.34; 95% CI, 0.65-2.74; P ¼ .43; Figure 3).

Discussion
This study examined the association between travel distance and delay in proton therapy treatment for pediatric patients with

medulloblastoma. Although we found that international patients had no significant delays in treatment time, patients traveling

Table 1. Continued.

Patient characteristics Results; N ¼ 96

M stage, No. (%)

0 60 (62.5)

1 2 (2.1)

2 10 (10.4)

3 23 (24.0)

4 1 (1.0)

Risk group, No. (%)

Average risk 60 (62.5)

High risk 36 (37.5)

Surgery type, No. (%)

Biopsy 2 (2.1)

GTR 71 (74.0)

STR 23 (24.0)

Proton modality, No. (%)

Passive scatter 96 (100)

Boost type, No. (%)

Not given 1 (1.0)

Posterior fossa 12 (12.5)

Tumor bed 83 (86.5)

Complete, all prescribed XRT, No. (%)

No 1 (1.0)

Yes 95 (99.0)

Abbreviations: MDA, MD Anderson Cancer Center; UAE, United Arab Emirates; STR, subtotal resection; GTR, gross total

resection; XRT, radiation therapy.
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. 1716 km (. 1066 miles) to MDA had a 1- to 2-week delay (approximately 8 days) between surgery and treatment. However,

that delay did not translate into worse outcomes for that group of patients. This highlights the appropriateness of seeking

proton care in the face of travel coordination.

The importance of this study is in the context of the advantages of using proton therapy in the treatment of

medulloblastoma. Medulloblastoma in children has generally consisted of a multidisciplinary approach of surgery, radiation

therapy, and chemotherapy. One of the major problems of such an approach is the risk of long-term complications from

traditional radiation therapy, which includes cognitive and adaptive functioning complications along with increased mortality

secondary to heart disease [19–22]. Because of the risks associated with CSI and brain tumor treatment in children,

physicians do not treat children younger than 3 years who have medulloblastoma and other brain tumors with radiation [23].

Proton therapy reduces the average radiation exposure during treatment of medulloblastoma, saving nearby structures from

excess radiation and possibly affecting long-term sequelae [24, 25]. A recent study [26] showed favorable intellectual

outcomes for patients with medulloblastoma treated with proton therapy compared with photon therapy, whereas others

[27–30] have showed reduced late-toxicity risk, reduced chance of second malignancy, and reduced acute effects in

patients with medulloblastoma who received proton therapy compared with those who did not. These studies show the

safety and effectiveness of proton therapy in patients with medulloblastoma and continue to justify the preference of proton

therapy for these children.

Figure 1. Event chart plot

aligned by surgery date and

sorted by country and time to

start of radiation.

Figure 2. Event-chart plot

aligned by surgery date and

sorted by state and time to

start of radiation.
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Because proton therapy can reduce radiation exposure of surrounding healthy tissues in cancer treatment, its use has

significantly increased in recent years [31]. This pattern is reflected in the increasing number of proton centers available in both

the United States and internationally. There are currently 36 centers in operation in the United States and 69 centers operating

internationally, with an additional 12 centers in the United States and 54 centers internationally under construction or in

development [14]. In the United States, more than one-half (61%) of operating proton centers were opened within the past 5

years. Despite that increase, many patients have to travel significant distances to the nearest proton center to receive

treatment. In our study, 58% (n ¼ 56) of the patients traveled from outside of the state to receive treatment, including 18%

(n ¼ 17) of the patients traveling from outside the United States.

This is important in the context of medulloblastoma treatment because of correlations between travel distance and delays in

treatment. Previous studies examining delays in adjuvant radiation therapy (including photon and proton radiotherapy) in

patients with medulloblastoma have found conflicting results. One study found that delays greater than 5 weeks were not

associated with inferior outcomes, while another found that delays greater than 3 months were associated with inferior

outcomes [32, 33]. These studies may suggest that treatment delays in patients with medulloblastoma are a legitimate

concern. Additional studies [34–37] that have examined the effect of delays in adjuvant chemotherapy and radiotherapy in

various other malignancies, such as breast, early stage glottic, and other head and neck cancers, show that increasing time

between diagnosis and treatment is associated with worse survival. Conversely, there was no association found between

delay in treatment and relapse in other tumor types, such as acute lymphoblastic leukemia [38]. The effects of treatment

delays on survival may be dependent on the type of cancer because rapidly progressive tumors will likely have more-adverse

outcomes from delays compared with slowly growing tumors. Medulloblastomas grow relatively quickly, with symptoms and

clinical presentation advancing within a period of weeks to months [39]. Therefore, even a short delay in treatment may

adversely affect patient outcomes because the tumor has the potential to repopulate and attenuate subsequent treatment

success.

The factors affecting the results of our study are likely multifaceted. International patients often come directly to MDA for

treatment through agreements and relationships that MDA has established with international partners. Through that process,

patients have a relatively streamlined process from diagnosis to treatment through a multifactorial team. On the other hand,

patients who self-refer, often within the United States but outside of Texas, face more obstacles. The delay that these patients

Table 2. Association between distance from MD Anderson Cancer Center (MDA) and time from surgery to start of radiation.

Variable Distance from MDA, km (miles) Median Minimum Maximum No. (%) P valuea 95% CIb

Time from surgery to start of radiation, mo � 1716 km (� ¼ 1066) 1.05 0.62 19.02 49 (51) .012 �0.76 to 0.06

. 1716 km (. 1066 1.31 0.79 45.17 47 (49)

Non-US patient 1.45 0.89 45.17 17 (18) .129 �0.09 to 0.66

US patient 1.15 0.62 22.31 79 (82)
a Two-sided Wilcoxon rank-sum test.
a Nonparametric 95% confidence interval (95% CI) for the difference in location.

Figure 3. Kaplan-Meier curves for failure-free survival by distance

from MD Anderson Cancer Center.
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experience is likely related to both socioeconomic factors and center-related and possibly payer-related variables such as prior

authorization. When patients with medulloblastoma decide to receive proton therapy, the decision often occurs after the initial

surgery and definitive diagnosis. There has to be a discussion between the patient and the provider, with time taken to decide

whether proton therapy should be pursued and where to receive that therapy. Subsequently, it takes time to organize travel,

refer to a proton center, and complete the intake process, which includes chart reviews, imaging reviews, as well as radiation

treatment consultation. One additional factor affecting timeliness is dependence on prior authorization through insurance

companies. A significant disparity in PBT coverage upon initial request when comparing Medicaid with private insurance

companies (91% versus 30%) has been found, with a median time to approval of 21 days after an initial denial [40] for private

insurance companies. In pediatric patients, coverage for PBT is denied in 11% of initial requests, but . 99% of cases are

ultimately approved [41]. This poses a potential barrier for patients with medulloblastoma who are often already burdened with

delays because of travel to treatment centers.

Notably, and importantly, we found no association between a short 1- to 2-week delay in treatment and worse cancer

outcomes for patients coming . 1716 km (. 1066 miles) from our center (3-year FFS approximately 60%, independent of

distance; P ¼ .43; Figure 3). Thus, patient access was successfully achieved without compromise in care. However, our

results do shed light on the importance of a robust, streamlined intake process at proton centers to counter delays in treatment

that may otherwise be out of the provider’s hands. This is particularly relevant for proton centers with large volumes of patients

coming from out of state (nearly 60% [n ¼ 56; 58%] of all patients with medulloblastoma in this study at our center came from

afar). At MDA, the current infrastructure of our intake process includes a team of multiple providers before, during, and after

patient treatment. Initially, intake specialists receive patient-referral, process demographic, and insurance information. Patient-

access specialists then authorize a consult appointment and verify authorization and benefits. Next, navigators gather

pertinent imaging, pathology, and additional health record information. This allows for a provider to review the patient’s

information and approve an official scheduled consult. In coordination with a streamlined referral process as seen with the

international patients, this has been shown to be effective at minimizing time between diagnosis and treatment, suggesting that

a rigorous intake process is critical for proton centers to reduce delays that may adversely affect patient outcomes, including

those of children [42]. Based on the results of our study, pediatric PBT patients living . 1609 km (. 1000 miles) away should

be flagged and receive special attention by the intake team to prevent delays in treatment, which includes vigilant attention to

payer authorization, travel navigation, and timely referral to social work or other team members equipped to assist families with

expediting access.

Although these results are encouraging, we recognize the various limitations to our study. The small sample size and small

number of international patients limit the ability to extrapolate our data. The size also limited our ability to do further advanced

multivariate analyses to evaluate other factors that could have contributed to delays (eg, patient family income, demographic

factors, parental education, referring practice status, and others). This may be an important next step in future research

because identification of these factors in accordance with distance could affect referral and treatment decisions. Lastly, we

also recognize that because of the retrospective nature of our study, the research and data we present here are hypothesis

generating, and the small sample size requires validation of our results by other centers with larger numbers of patients.

Conclusions
Patients receiving proton therapy can experience delays in treatment based on access to proton centers within local proximity.

Although we found that an established referral process for international patients led to no delays in treatment, patients traveling

. 1716 km (. 1066 miles) had a 1- to 2-week (approximately 8 day) delay. However, this minor delay was not associated with

worse results, and patient access was preserved. Thus, traveling to a proton center to receive high-quality care—even across

country—does not compromise outcomes and is important for providers and parents to recognize as they seek best-care

practices for their children. Our findings highlight the importance of a streamlined referral intake process to prevent undue

delays and to continue avoiding potential compromises in outcomes because of the referral nature to proton centers across the

globe.
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