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Abstract
Background: Previous studies have demonstrated the functional bene�t of rehabilitation in patients with
high-grade gliomas (HGGs). However, patients who go to inpatient rehabilitation following surgery are
vulnerable to treatment delays. The purpose of this study is to investigate the wait time (WT) between
surgery and initiation of chemoradiation and overall survival (OS) in HGG patients who are admitted to
inpatient rehabilitation compared to patients who are discharged home after surgery.

Methods: 291 HGG patients treated from 2011-2017 were included. Patients were grouped by disposition
following the hospital stay during which they had their initial surgical procedure.

Results: 38 patients were admitted to acute inpatient rehabilitation facilities (AIRFs), 20 patients were
admitted to skilled nursing or long-term care facilities, 62 patients were discharged home with additional
rehabilitation, and 171 patients were discharged home without services. Median length of hospital stay
(LOS) was longer in AIRF patients (10 days) compared to patients discharged home without services (3
days) (p < 0.0001). AIRF admission was associated with higher odds of excessive treatment delay,
de�ned as WT > 35 days (OR = 3.13; 95% CI: 1.38 – 7.08). Median OS for AIRF patients was 42.9 weeks
and 72.71 weeks for patients discharged home without services (p = 0.003). WT was not associated with
OS even after adjusting for other prognostic factors (HR: 0.996, p = 0.6206).

Conclusions: HGG patients who are discharged to rehabilitation facilities following initial surgery have
longer LOS, longer WT, and shorter OS compared to patients who are discharged home.

Background
High-grade gliomas (HGGs) account for approximately 80% of all malignant primary brain tumors with
the two most common being glioblastoma (46.1%) and anaplastic astrocytoma (5.1%) [1]. The current
standard of care that provides the greatest life expectancy was described in the 2005 European
Organization for Research and Treatment of Cancer and National Cancer Institute of Canada trial and
includes maximal safe tumor resection followed by concurrent radiation and temozolomide and
subsequent adjuvant temozolomide [2]. Still, the prognosis for HGG is poor, with 5- year survival ranging
from 5.1% for glioblastoma (GBM) to 27.9% for anaplastic astrocytoma [1].

When patients undergo maximal safe tumor resection, they are often discharged to different facilities
based on their needs and caregiver support [3]. As patients with brain tumors often have disabilities
similar to those who suffered stroke, many of these patients bene�t from acute inpatient rehabilitation [4].
Several studies have demonstrated the bene�t of rehabilitation on the functional status of patients with
brain tumors [5–8], and some studies have even correlated rehabilitation with increased survival [4, 9].
However, patients who are admitted to acute inpatient rehabilitation following surgical resection are often
ineligible to receive anti-tumor cancer treatment while in a rehabilitation facility and may face delays in
treatment.
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Studies investigating the optimal timing of chemoradiation following surgical resection in HGG have
yielded con�icting results [10]. Some studies have found no association between time from surgical
resection to treatment initiation (i.e., wait time; WT) and overall survival (OS) [11–13], while others have
described an inverse relationship between WT and OS [14–16]. Other studies have described a potential
bene�t to a slight delay in treatment, though a mechanism has not been well established [17, 18]. However,
each of these studies has several limitations based on the differing methodology and retrospective
nature of the analyses.

In current practice, the timing of the initiation of chemoradiation following surgery is dependent on
clinician judgment, with most U.S. HGG patients starting chemoradiation within 4–6 weeks after surgery
[19]. Most clinical trials for newly diagnosed GBM expect therapy to be initiated no later than six weeks
from surgery. Despite the lack of de�nitive evidence, the prospect of entering a rehabilitation program that
may result in a delay in treatment of such an aggressive tumor can serve as a deterrent for patients. We
aimed to retrospectively study the outcomes of patients entering inpatient rehabilitation to better inform
future treatment guidelines. The purpose of this study is to investigate the time between surgery, the
initiation of chemoradiation and overall survival in patients who are admitted to rehabilitation facilities
when compared to patients who are discharged home after surgery.

Methods

Selection of Patients
Patients age ≥ 18 years with a pathologically con�rmed WHO Grade III or IV glioma treated at our
institution from 2011 to 2017 were identi�ed. Patients were included if the electronic health record had
information regarding disposition from the hospital stay during which their initial surgical procedure was
performed. This study was approved by our institution’s Research Study Review Board with a waiver of
informed consent.

Data Extraction
Demographic factors, tumor histology, tumor location, extent of resection, American Society of
Anesthesiologists (ASA) classi�cation, the length of the initial hospital stay (LOS), WT (time from surgical
procedure to the �rst date of chemoradiation), OS, and disposition from initial hospital stay were
collected. If patients had a biopsy followed by resection within a week, the date of the second procedure
was used as the start time point of WT. For patients who did not start chemotherapy and radiation on the
same day, the earliest date of treatment was chosen to calculate WT. OS was de�ned starting at the �rst
day of chemoradiation to the date of death or last follow-up to allow for statistical assessment of a
relationship between WT and OS.

Imaging Analysis
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To evaluate potential tumor growth between surgical resection and initiation of chemoradiation, MRI
scans were evaluated by a certi�ed neuroradiologist [AH]. All patients with excessive WT > 35 days with
documented MRI scans within one week following surgical resection and within one week prior to
treatment were evaluated. Patients were classi�ed as having stable or increased contrast enhancement.
When possible, measurements were taken according to Radiologic Assessment in Neuro-Oncology criteria
[20].

Statistical Methods
Patients were grouped according to their discharge disposition. Disposition groups included acute
inpatient rehabilitation facility (AIRF), skilled nursing facility/long-term care facility (SNF/LTC), home
discharge with services (either home health services or outpatient therapies) or home discharge without
services.

Nominal variables were described in absolute numbers and percentages for each discharge group. ASA
classi�cation was de�ned as a categorical variable, with patients divided into groups of ASA class < 3 or
≥ 3, as an ASA classi�cation of 3 or higher indicates a patient with severe systemic disease. Nominal
variables were compared between disposition group using the exact Chi-Square test.

Age, LOS and WT are described within discharge groups using medians and ranges. Due to non-normally
distributed data and/or unequal variances between groups, the Kruskal-Wallis test was used to assess
differences between discharge groups. Post-hoc pairwise comparisons for these groups were performed
using Wilcoxon rank sum test. Multiple comparison signi�cance level was adjusted with the Bonferroni
method. Excessive WT was de�ned as > 35 days as 28 days +/- 1 week is often used as the standard of
care at our institution. Odds ratio for an excessive WT was calculated using a logistic regression model
for each disposition group with the home without services group used as the reference.

The best model for predicting WT was developed using least-squares regression. All factors in Table 1,
except for LOS, were considered possible prognostic factors. Initially, each factor was evaluated in a
univariate model. All factors with p-value ≤ 0.1 were then tested jointly for association with WT in a
multivariable regression model. Factors with a signi�cance level ≤ 5% were considered independent
predictors of WT. Estimated model coe�cients (β) represent the average change in WT (days)
corresponding to factor levels. Since a major goal of this analysis was to test the effect of disposition on
WT, all disposition groups were forced into the �nal regression model.

OS was estimated by the Kaplan-Meier method with differences pairwise comparisons assessed by a log-
rank test. Analogous to the WT analysis, demographic factors were each evaluated for association with
OS in univariate proportional hazards regression model. All factors with p-value ≤ 0.1 were then tested
for joint association with OS in a multivariable proportional hazard regression model. Because we have a
speci�c aim to estimate the relationship between WT and disposition group with OS after controlling for
other factors associated with OS, WT and all disposition groups were forced into the �nal model. For
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each variable, proportional hazards assumptions were tested using the Supremum Test with an alpha of
0.05.

Subjects with missing or unknown data are excluded from analysis. It cannot be veri�ed if this approach
introduces bias, however, there is no known reason related to patient disposition that would affect data
availability. Missing data is also described by discharge group (Table 1). All statistical analyses were
performed using SAS v9.4 (SAS Institute).

Results

Patient Demographics
Of the 348 patients who were screened, 291 were included in this study: 84.9% with grade IV gliomas and
14.4% with grade III gliomas. Excluded patients were not included due to lack of information available in
EMR regarding disposition after surgical resection. Of these, 38 patients were admitted to AIRF, 20
patients were discharged to SNF/LTC, 62 patients were discharged home with services, and 171 patients
were discharged to home without services. The cohort included 168 males and 123 females with 95.5%
of subjects identifying as Caucasian and 98.6% with non-Hispanic ethnicity. Median age at diagnosis
was 63 (range: 18–89). Initial surgical procedures included gross total resection (52.2%), sub-total
resection (18.6%) and biopsy only (23.7%). A total of 64.3% of patients were classi�ed as ASA ≥ 3. The
most common tumor location was in the frontal lobe (27.8%) followed by temporal lobe (23%) and
parietal lobe (18.2%). Demographic information was also reported separately for each discharge group
(Table 1). On Chi-square test, differences were only found in proportion of patients with temporal tumor
location (p = 0.0037) and overlapping tumor location (p = 0.0457).

Length of Stay Analysis
Median LOS was: 3 days (range: 1–20) for patients discharged to home without services, 5 days (range:
0–21) for patients discharged home with services, 10 days (range: 5–30) for patients discharged to AIRF,
and 17.5 days (range: 7–90) for patients discharged to SNF/LTC (Fig. 1A). Kruskal-Wallis test indicated a
signi�cant association between discharge group and LOS (Χ2 = 127.5, p < 0.0001). Wilcoxon rank sum
comparison of individual groups revealed a statistically signi�cant difference in LOS between every group
with p < 0.0001.

Wait Time Analysis
Median WT for patients discharged to home without services was 28 days (range: 6–53), to home with
services was 28 days (range: 9–62), to AIRF was 32 (range: 14–86), and to SNF/LTC was 28 days (range:
17–39) (Fig. 1B).

WT was signi�cantly different between discharge groups using Kruskal-Wallis test (Χ2 = 12.2026, p = 
0.0067). Wilcoxon rank sum pairwise comparison revealed statistically signi�cant difference in WT
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between AIRF patients compared to home discharge without services patients (Χ2 = 10.64, p = 0.0011). All
other pairwise comparisons were not statistically signi�cant (p > 0.05).

Patients admitted to AIRF were found to have signi�cantly higher odds of excessive WT compared to
home discharge without services patients, with an odds ratio of 3.13 (95% CI: 1.38 to 7.08, p = 0.0063) as
well as patients discharged home with services compared to patients discharged home without services
(OR: 2.16, 95% CI: 1.04 to 4.50, p = 0.0395). No signi�cant difference was found in excessive WT for
SNF/LTC patients compared to patients discharged to home without services.

Using univariate regression analysis, the following demographic factors were associated with either
prolonged or shortened WT at the 10% signi�cance level: female sex (β = -2.433, p = 0.0613), biopsy only
(β = -2.85, p = 0.0785), surgery at an outside surgical facility (β = 7.615, p = 0.0007), discharge to AIRF (β = 
7.318, p = 0.0002), discharge home with services (β = 3.841, p = 0.0143) and radiation treatment at an
outside facility (β = -2.727, p = 0.0776). On multivariable analysis sex, biopsy only, outside surgical
facility, discharge to AIRF, and discharge home with services, remained signi�cant (Table 2).

Survival Analysis
Median OS for patients discharged home without services was 16.7 months (95% CI: 14.6–19.1), home
with services was 15.5 months (95% CI: 9.7–19.3), to AIRF was 9.8 months (95% CI: 6.3–12.3), and to
SNF/LTC was 6.5 months (95% CI: 2.5–11.0). Discharge destination was signi�cantly associated with
OS, unadjusted for other patient characteristics, using the log-rank test (X2 = 21.36, p < 0.0001). Pairwise
analysis revealed signi�cant differences in OS between AIRF and home without services patients (X2 = 
12.09, p = 0.003) and between SNF/LTC and home without services patients (X2 = 13.85, p = 0.0012). No
other pairwise comparisons yielded statistically signi�cant results (Fig. 2).

A proportional hazards regression model revealed no signi�cant association between WT and OS (HR:
0.996; p = 0.4389). Demographic factors signi�cantly associated at the 10% signi�cance level with
decreased OS on univariate analysis included younger age (HR: 1.04, p < 0.0001), parietal tumor location
(HR: 1.538, p = 0.0747), grade IV histology (HR: 3.829, p < 0.0001), biopsy only (HR: 2.814, p < 0.0001),
discharge to AIRF (HR: 2.21, p = 0.002), and discharge to SNF/LTC (HR: 3.696, p = 0.0017. In multivariable
analysis age, grade IV histology, biopsy only, discharge to AIRF and discharge to SNF/LTC remained
signi�cant. Even after adjusting for each of these demographic factors, WT was still not signi�cantly
associated with OS (HR: 0.994, p = 0.4924) (Table 2).

Imaging Analysis
Of the 44 subjects with excessive WT, 12 (27%) of them had MRI scans within one week following surgery
and within one week prior to chemoradiation that were available. Of these patients, 66.7% were noted to
have an increase in contrast enhancement during this interval. Among the patients with measurable
lesions, the mean change in contrast-enhanced area was 77.0 mm2 (Fig. 3).
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Discussion
This study indicates that there may be differences in treatment and outcomes for patients with HGGs
based on discharge location following resection. Compared to patients who were discharged home,
patients who required any inpatient rehabilitation were found to have a longer LOS, longer WT, higher
odds of excessive treatment delay, and shorter OS when examined separately. Although the median
differences between AIRF and home discharge patients was minimal (32 days vs. 28 days), which may
have little clinical signi�cance, the fact that patients admitted to rehabilitation facilities have a much
greater odds of an excessive delay in treatment is the most relevant to treatment timing in these patients.
These results are consistent with our hypotheses: a longer LOS would be expected for these patients, as
they must be evaluated by physical and occupational therapists, accepted to a rehabilitation program,
and receive insurance approval prior to discharge [21]. Indeed, in this cohort, LOS was found to be
signi�cantly higher for patients evaluated by physical therapy independent of disposition (p < 0.0001).
Longer LOS is associated with many well-known risks including hospital-acquired infections, increased
overall mortality, and increased healthcare costs [22]. Additionally, as patients are often unable to receive
cancer treatment until rehabilitation is complete, a longer WT would also be expected. In our experience,
some rehabilitation facilities will not accept patients who are going to receive chemotherapy at all, and
these patients are treated with radiation alone as a result. While this decision is in part based on the
patient’s performance status, there is some bias based on insurance reimbursement policies. In addition
to disposition, the discrepancy in OS could be due to a number of factors that have been shown to
in�uence outcomes in HGG, such as functional status, that are not comprehensively explored [23–25].

While this study did not show an association between WT and OS, previous studies with robust analyses
have demonstrated varying relationships [10, 12, 19, 26–32]. Pollom et al conducted a large retrospective
cohort study of over 12,000 patients to evaluate the optimal timing of treatment initiation in GBM
patients and discovered an inverse relationship between WT and OS particularly in patients who
underwent gross total resection [28]. Unlike this study, Pollom et al. had a large sample size and created a
model for assessing the relationship between WT and OS that controlled for several important prognostic
factors, including age, sex, race, and comorbidity scoring. Recent studies that have not found a
relationship between WT and OS have comparatively smaller sample sizes and/or fail to control for other
prognostic factors [12, 26, 30, 31]. Naturally, there is concern that leaving such an aggressive tumor with a
rapid doubling time untreated for several weeks could allow for further tumor growth [33]. Studies have
shown increased contrast enhancement between the time of tumor resection and therapy initiation
consistent with tumor progression in over 80% of patients, which is consistent with the imaging results
found in this study [34]. Moreover, it has been shown that patients with radiological evidence of tumor
progression prior to chemoradiation have decreased survival when compared to patients without
evidence of tumor progression [35]. Due to ethical concerns, no prospective study has been designed to
de�ne the relationship between WT and prognosis. Despite the absence of conclusive data, the prospect
of a delay in treatment of HGG can nevertheless serve as a source of anxiety for patients, family, and
providers. However, in support of a generally accepted oncological principle, patients who are physically
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stronger before cancer treatment will survive longer. This is why other studies have shown that increasing
a person’s physical strength before beginning intensive chemotherapy or radiation therapy can lead to
better outcomes.

This study has several limitations. The single-institution, retrospective design has several disadvantages
including the possibility of selection bias and questionable generalizability. Furthermore, the data that
were collected were dependent upon prior recordkeeping and some factors that may have been
informative in this analysis, such as functional status/comorbidity scoring and neurological status, were
not consistently available. This study also had a relatively small number of rehabilitation patients that
make it di�cult to draw de�nitive conclusions about these populations. Lastly, in New York state, long
term acute care facilities are not permitted, which limits the generalizability to other states whose post-
acute care options are more available.

As the bene�ts of rehabilitation programs on the functional status, quality of life, and prognosis of
patients with brain tumors have been well described [4–7, 9], it is important to identify any factors that may
diminish these bene�ts or otherwise serve as a disincentive for optimal treatment of patients who may
bene�t from rehabilitation. De�ning this disparity in treatment and outcomes is an essential �rst step in
mitigating this discrepancy. This is especially true as patients who are discharged to rehabilitation
locations often have worse functional status which is, in itself, a negative prognostic factor. Indeed,
patients admitted to any rehabilitation facility in this cohort had older age and higher ASA scores than
patients who were discharged home which also impact disease outcomes. Intraoperative implantation of
carmustine wafers is a potential bridge therapy option for patients who are expected to have delayed
treatment due to rehabilitation, though it is di�cult to identify these patients pre-operatively. While this
study is the �rst to provide evidence of treatment discrepancies based on discharge placements in HGG,
more comprehensive, larger scale, multi-center studies should be conducted to corroborate these �ndings
and minimize regional bias.

Conclusion
HGG patients who are discharged to rehabilitation facilities following initial surgery have longer LOS,
longer WT, and shorter OS compared to patients who are discharged home. These results are important to
consider when counseling patients and families regarding treatment decisions, as discharge location in
itself may be an important contributor to patient outcomes. Ultimately, the goal is to focus on creating
protocols that allow HGG patients to receive the full bene�ts of rehabilitation without the prospect of
treatment delays or unfavorable outcomes.

Abbreviations
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Table 1: Summary of demographic information of each group based on disposition from
hospital following initial surgery. Information is also provided for the overall study
population. SNF: skilled nursing facility, LTC: long-term care facility, AIRF: acute inpatient
rehabilitation facility, GTR: gross total resection, STR: subtotal resection, NOS: not
otherwise specified, ASA: American Society of Anesthesiologists, XRT: radiation therapy,
LOS: length of stay, WT: wait time
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    SNF/LTC

(n = 20)

AIRF

(n = 38)

Home with
services

(n = 62)

Home without
services

(n = 171)

Total

(n =
291)

Age (med [range]) 72 (50-
84)

65.5 (25-
82)

66 (24-89) 61 (18-89) 63 (18-
89)

Sex (n[%]) Male 10 (50) 22 (57.9) 31 (50) 105 (61.4) 168
(57.7)

Female 10 (50) 16 (42.1) 31 (50) 66 (38.6) 123
(42.2)

Race (n[%]) White 18 (90) 36 (94.7) 58 (95.1) 165 (96.5) 277
(95.5)

Non-white 2 (10) 2 (5.3) 3 (4.9) 6 (3.5) 13 (4.5)

Ethnicity (n[%]) Hispanic 1 (5.3) 2 (5.4) 0 (0) 1 (0.6) 4 (1.4)

Non-Hispanic 18
(94.7)

35 (94.6) 61 (100) 163 (99.4) 277
(98.6)

Histology (n[%]) Grade IV 17 (85) 35 (92.1) 52 (83.9) 143 (83.6) 247
(84.9)

Grade III 3 (15) 3 (7.9) 10 (16.1) 26 (15.2) 42
(14.4)

Glioma,
malignant

0 (0) 0 (0) 0 (0) 2 (1.2) 2 (0.7)

Tumor Location (n[%]) Frontal lobe 6 (30) 11 (28.9) 20 (32.3) 44 (25.7) 81
(27.8)

Temporal lobe 3 (15) 3 (7.9) 9 (14.5) 52 (30.4) 67 (23)

Parietal lobe 3 (15) 12 (31.6) 9 (14.5) 29 (17) 53
(18.2)

Occipital lobe 0 (0) 1 (2.6) 0 (0) 5 (2.9) 6 (2.1)

Cerebellum 0 (0) 1 (2.6) 0 (0) 2 (1.2) 3 (1)

Brainstem 0 (0) 0 (0) 0 (0) 1 (0.6) 1 (0.3)

Overlapping 7 (35) 9 (23.7) 19 (30.6) 28 (16.4) 63
(21.6)

Brain, NOS 1 (5) 1 (2.6) 5 (8.1) 10 (5.8) 17 (5.8)

Extent of Surgical Resection
(n[%])

GTR 10 (50) 23 (60.5) 30 (48.4) 89 (52) 152
(52.2)

STR 2 (10) 8 (21.1) 17 (27.4) 27 (15.8) 54
(18.6)

Biopsy 5 (25) 5 (13.2) 13 (21) 46 (26.9) 69
(23.7)

Autopsy
dx/unkwn

3 (15) 2 (5.3) 2 (3.2) 9 (5.3) 16 (5.5)

ASA Class (n[%]) ≥ 3 15 (75) 25 (65.8) 44 (71) 103 (60.2) 187
(64.3)

< 3 5 (25) 6 (15.8) 9 (14.5) 52 (30.4) 72
(24.7)

Unkwn 0 (0) 7 (18.4) 9 (14.5) 16 (9.4) 32 (11)
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Surgical Facility (n[%]) URMC 20 (100) 33 (86.8) 55 (88.7) 162 (94.7) 270
(92.8)

Outside facility 0 (0) 5 (13.2) 7 (11.3) 9 (5.3) 21 (7.2)

XRT Facility (n[%]) URMC 13 (65) 26 (68.4) 46 (74.2) 122 (71.3) 207
(71.1)

Outside facility 2 (10) 8 (21.1) 10 (16.1) 38 (22.2) 58
(19.9)

Unknwn/No
XRT

5 (25) 4 (10.5) 6 (9.7) 11 (6.4) 26 (8.9)

LOS (med [range]) 17.5 (7-
90)

10 (5-30) 5 (2-21) 3 (1-20) 5 (1-90)

Unkwn 0 (0) 2 (5.3) 1 (1.6) 3 (1.8) 6 (2.1)

WT (med [range]) 28 (17-
39)

32 (14-
86)

28 (9-62) 28 (6-53) 28 (6-
86)

No treatment 12 (60) 7 (18.4) 10 (16.1) 23 (13.5) 52
(17.9)

 

Table 2 Results of univariate and multivariable analyses for association with wait time (left) and overall
survival (right). In the wait time analysis, regression models generated correlation coe�cient (beta) with
negative values estimating, on average, shorter wait times and positive values estimating, on average,
longer wait times. In the overall survival analysis, a proportional hazards regression model was used to
generate hazard ratios of death and 95% con�dence intervals. Values >1 indicate a higher hazard of
death compared to the reference group and values < 1 indicate a lower hazard of death compared to
reference group. Variables with a p-value £ 0.1 on univariate analysis were then included in multivariable
analysis. An alpha of 0.05 was used to determine signi�cance in multivariable analyses.
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  Wait Time Overall Survival

    Univariate Multivariable Univariate Multivariable

    Beta P-
value

Beta P-
value

HR (95% CI) P-
value

HR (95% CI) P-
value

Age   -
0.034

0.5103     1.04
(1.025,1.055)

<
0.0001

1.026 (1.010 ,
1.042)

0.0014

Sex Male REF REF REF REF REF REF    
Female -2.433 0.0631 -2.667 0.0318 1.065

(0.78,1.453)
0.6924    

Tumor Site Frontal REF REF     REF REF REF REF

Temporal -2.366 0.1926     1.142
(0.737,1.768)

0.5529    

Parietal -1.948 0.3107     1.538
(0.958,2.471)

0.0747 1.440
(0.959,
2.162)

0.0787

Occipital -1.886 0.6629     0.869
(0.341,2.212)

0.7682    

Overlapping -0.605 0.7692     1.406
(0.866,2.283)

0.1686    

Posterior
fossa

8.448 0.4091     1.819
(0.248,13.34)

0.5561    

Histology Grade III REF REF     REF REF REF REF

Grade IV -2.722 0.1527     3.829
(2.099,6.984)

<
0.0001

5.244 (2.781,
6.402)

<.0001

ASA Class < 3 REF REF     REF REF    
≥ 3 1.640 0.2244     1.323

(0.925,1.892)
0.1249    

Extent of
Resection

GTR REF REF REF REF REF REF REF REF

STR -0.453 0.785     1.333
(0.904,1.965)

0.147    

Biopsy -2.85 0.0785 -3.217 0.0327 2.814
(1.908,4.150)

<
0.0001

4.220 (2.781,
6.402)

<
0.0001

Surgical
facility

Our institution REF REF REF REF REF REF    
Outside
Hospital

7.615 0.0007 5.830 0.0089 1.201
(0.911,1.491)

0.5281    

Disposition Acute rehab 7.318 0.0002 6.610 0.0005 2.210
(1.338,3.650)

0.0020 2.435 (1.490,
3.981)

0.0004

SNF/LTC 2.149 0.5405 2.437 0.4748 3.696
(1.630,8.379)

0.0017 4.431 (1.993,
9.850)

0.0003

Home w/
services

3.841 0.0143 3.166 0.0398 1.451
(0.917,2.296)

0.1115 1.679
(1.135,
2.484)

0.0095

Home w/o
services

REF REF REF REF REF REF REF REF

XRT Facility URMC -2.727 0.0776 -2.727 0.0660 0.883
(0.678,1.088)

0.6878    
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Outside
Facility

REF REF REF REF REF REF    

Wait Time   -----------
-

------------ -----------
-

----------- 0.996
(0.982,1.011)

0.4389 0.994 (0.978,
1.011)

0.4924

 

Figures

Figure 1

(A) Box plot depicting the length of the hospital stay in which patients had their �rst surgical
resection/biopsy (B) Box plot depicting time between surgery and initiation of chemoradiation for each
discharge group. Bars represent maximum and minimum values. Lines forming the boxes represent 3rd
quartile, median and 1st quartile values (from top to bottom). •symbol indicates mean values in each
group
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Figure 2

Kaplan-Meier survival curves depicting overall survival for each group. In this cohort, overall survival was
de�ned starting at time of initiation of chemoradiation until date of death/last date of follow-up.
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Figure 3

Magnetic resonance images depicting changes in tumor size in subject A (top) and subject B (bottom).
The images on the left were obtained within one week of surgical resection and images on the right were
obtained within one week prior to the initiation of chemoradiation. For subject A, the increase in contrast
enhancement during this time interval was determined to be 118.55mm2 and 79.55mm2 for subject B.


