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Abstract

BACKGROUND—Predicting life expectancy (LE) in patients with metastatic cancer who are
receiving palliative therapies is a difficult task. The purpose of the current study was to develop a
LE prediction model among patients receiving palliative radiotherapy (RT) that identifies those
patients with short (<3 months) and long (>1 year) LEs.

METHODS—The records of 862 patients with metastatic cancer receiving palliative RT at the
Dana-Farber/Brigham and Women’s Cancer Center between June 2008 and July 2011 were
retrospectively reviewed. Cox proportional hazards models were used to evaluate established and
potential clinical predictors of LE to construct a model predicting LE of <3 months and >1 year.

RESULTS—The median survival was 5.6 months. On multivariate analysis, factors found to be
significantly associated with a shorter LE were cancer type (lung and other vs breast and prostate),
older age (>60 years vs <60 years), liver metastases, Eastern Cooperative Oncology Group
performance status (2—4 vs 0-1), hospitalizations within 3 months before palliative RT (0 vs >1),
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and prior palliative chemotherapy courses (=2 vs 0-1). Patients were divided into 3 groups with
distinct median survivals: group A (those with 0-1 risk factors), 19.9 months (95% confidence
interval [95% CI, 13.9 months—31.1 months]); group B (those with 2—4 risk factors), 5.0 months
(95% Cl, 4.3 months—5.6 months); and group C (those with 5-6 risk factors), 1.7 months (95% ClI,
1.2 months—2.1 months).

CONCLUSIONS—The TEACHH model (type of cancer, Eastern Cooperative Oncology Group
performance status, age, prior palliative chemotherapy, prior hospitalizations, and hepatic
metastases) divides patients receiving palliative RT into 3 distinct LE groups at clinically
informative extremes of the LE spectrum. It holds promise to assist radiation oncologists in
tailoring palliative therapies to a patient’s LE.
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INTRODUCTION

Oncologists often face the difficult task of estimating prognosis in patients with metastatic
disease whose life expectancies (LEs) can vary from days to years. A physician’s ability to
predict prognosis accurately has important clinical implications, including determining the
potential benefit of palliative cancer therapies and initiating end-of-life conversations and
planning. Radiotherapy (RT) is frequently used to provide palliation of symptomatic
metastases in patients with advanced disease. In 2010, Gripp et al published a study of 216
patients referred for consideration of palliative RT between December 2003 and July 2004.1
The study demonstrated that of 30 patients who received RT within the last month of life,
27% were undergoing treatment for the last 81% to 100% of their lives. In a Surveillance,
Epidemiology, and End Results (SEER) study performed by Guadagnolo et al in 2013,
among 15,287 patients who received RT in the last month of life, 17.8 % received >10 days
of treatment.2 These data point to the need for improved tailoring of palliative RT to a
patient’s LE, with regard to both decisions for its use and dose fractionation schedules.

Although physicians use LE to inform clinical decision-making, their predictions tend to be
inaccurate.3-5 Improving the ability of radiation oncologists to tailor palliative RT to each
patient’s illness trajectory is a key element of quality care for advanced cancer as
highlighted within the American Society of Clinical Oncology 2011 statement entitled
“Toward Individualized Care for Patients With Advanced Cancer.”® Critical to achieving
this goal is a tool that improves a physician’s ability to estimate survival in patients
receiving palliative RT and is sufficiently informative to impact decision-making. More
specifically, a prognostic tool should 1) provide accurate predictions of survival together
with confidence intervals (CIs) to characterize expected ranges of LE and 2) predict LEs at
clinically significant time points. For example, a LE <6 months is critical to hospice
eligibility and for revisiting goals of care and end-of-life planning within the context of a
limited prognosis.”~2 Important LE thresholds to palliative RT decision-making include <3
months (eg, eligibility for operative management of spinal cord compressions1%11) and >1
year (eg, potential use of dose escalation due to a high rate of disease recurrence after
conventional palliative RT doses!?).
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Chow et al created and validated a prognostic model based on a cohort of patients who
received palliative RT at 2 centers in Toronto, Ontario, Canada.13 This model categorized
palliative cancer patients into 1 of 3 prognostic groups using 3 clinical factors: cancer type
(breast vs nonbreast), Karnofsky performance status (PS) (<70 vs =70), and metastasis
location (bone only vs other). The median survivals of the 3 groups were 13.8 months in
group A (95% CI, 8.6 months—16.3 months), 6.0 months in group B (95% CI, 4.7 months—
7.2 months), and 2.1 months in group C (95% ClI, 1.4 months—2.6 months). The model has
also been validated among a cohort of patients with breast and prostate cancer who were
receiving palliative RT for bone metastases.14

The objectives of the current study were to 1) evaluate the model developed by Chow et all3
and 2) build on this model to create a model that predicts median survivals and identifies
patients at the extremes of the prognostic spectrum, namely those with LE ranges of <3
months and >1 year.

MATERIALS AND METHODS

Data from all patients treated with palliative-intent RT from July 2008 to June 2010 at
Brigham and Women’s Hospital and Dana-Farber Cancer Institute were analyzed. Patients
were excluded if they were aged <18 years, had hematologic malignancies, were classified
incorrectly as receiving palliative care, or had nonmetastatic disease. The charts of all
patients were assessed for disease, treatment, and patient factors that could influence patient
LE, including those previously reported as well as other potential factors based on related
literature: age at treatment, 1> primary tumor origin,13:16 ocation of all metastases present at
the time of radiation consult, 1317 Eastern Cooperative Oncology Group (ECOG) PS,13.16-23
hospitalizations within the 3 months before the radiation consult,24 time from primary
cancer diagnosis to diagnosis of metastatic disease,19 time from diagnosis of metastatic
disease to radiation consult,1® and number of prior palliative chemotherapy and RT
courses.?® A total of 249 patients had undergone >1 course of RT during the time period
analyzed. To eliminate interdependence of courses, we analyzed only each patient’s first
course.

The primary outcome was overall survival (OS), defined as the time from the first day of RT
to the date of death or last follow-up. Dates of death were obtained via the publicly available
Social Security Death Index. Patients with no date of death listed in the Social Security
Death Index were censored at the date of last follow-up.

Statistical Analysis

Cox proportional hazards models were used to evaluate the association between each of the
3 factors used in the model of Chow et al3 with patient LE. Using the significant prognostic
factors identified on multivariable analysis (MVA), patients were classified into 3 risk
groups based on the number of risk factors (NRF) method as described by Chow et al.13
Each patient’s NRF score was based on the sum of those predictors present. Median
survivals and 95% Cls were calculated for each group and compared with those in the model
of Chow et al.13
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To create a new prognostic model identifying patients at the extremes of the LE spectrum
(median survivals and 95% Cls of <3 months and >1 year), we used Cox regression analysis
to evaluate the associations between LE and the factors included in the model by Chow et
al'3 as well as the other aforementioned factors potentially predictive of LE. The Collett
model selection method?® was used with a level of statistical significance of .20 for the
univariate screening and stay and entry criteria of .05 for the MVA. Using the statistically
significant prognostic factors identified on MVA, patients were classified into 3 risk groups
based on the partial score method (PSM) and NRF method analogous to those performed by
Chow et al.13

For the PSM, we created a survival prediction score for each patient by assigning a partial
score to each factor found to be significant on MVVA. The partial score was derived by
dividing the value of each statistically significant regression coefficient by the smallest
statistically significant regression coefficient in the full model, and the results were rounded
to the nearest half-integer. Each regression coefficient was then multiplied by 2 to obtain a
whole number. Partial scores for each variable were then summed to calculate a total PSM
score for each patient. Each patient’s NRF score was based on the sum of those predictors
present.

PSM and NRF scores were then used to classify patients into 3 groups with the goal of
identifying those patients with the worst (<3 months) and best (>1 year) LEs. Survival
curves according to the PSM and NRF methods were calculated using the Kaplan-Meier
method. To evaluate the adequacy of the risk prediction of the models, the C-statistic
proposed by Uno et al was used.?” The C-statistic is the probability that the predicted and
observed outcomes are concordant for a randomly selected pair of patients. A value of 0.5
implies no predictive discrimination and a value of 1.0 indicates perfect separation of
patients with good outcomes from those with bad outcomes.2’

All analyses were performed using SAS (version 9.2; SAS Institute Inc, Cary, NC) and R
(version 2.10.0; R Foundation for Statistical Computing, Vienna, Austria) statistical
software and 2-sided P values <.05 were considered significant.

Between July 2008 and June 2010, 1077 patients were treated with palliative-intent RT at
the Brigham and Women’s Hospital and Dana-Farber Cancer Institute. A total of 215
patients were excluded because: 1) the intent of treatment was listed incorrectly as palliative
(i.e, the patient’s cancer diagnosis and treatment were consistent with curative
management); 2) the patients had hematologic malignancies; and/or 3) the patients did not
have metastatic disease. The remaining 862 patients were included in the current analysis.
Patient characteristics are listed in Table 1. The lung was the most common primary tumor
site (42%) and the majority of patients (60%) had bone metastases at the time of radiation
consult. The median OS survival was 5.6 months.

All 3 risk factors identified in the model by Chow et al'3 were found to be statistically
significantly associated with OS in our data set. However, although the hazards ratio
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associated with prostate cancer in the model by Chow et al was 1.93 and significantly
increased compared with breast cancer,13 it was not found to be significantly increased in
our model. The 3 factors used in the model by Chow et al (cancer histology, bone-only
metastases vs nonbone-only metastases, and Karnofsky PS) divided our patients into 3
distinct survival groups using the NRF method. The median survivals in our cohort were 8.8
months in group A (those with 0-1 risk factors) (95% ClI, 6.7 months—12.0 months), 5.7
months in group B (those with 2 risk factors) (95% ClI, 4.9 months—6.5 months), and 2.0
months in group C (those with 3 risk factors) (95% ClI, 1.6 months—3.0 months). These
groups are shown in Figure 1.13

Results of univariate analyses examining the factors of Chow et al2 and the other potential
predictors of patient LE are shown in Table 2. On MVA, 6 factors (for which we used the
acronym TEACHH) were found to be significant predictors of OS: type of cancer (“T")
(breast, prostate, lung, or other); ECOG PS (“E”) (0-1, 2, and 3-4); 3) age at treatment
(“A”) (<60 years vs =60 years); 4) prior palliative chemotherapy (“C”) (0-2 or >2); prior
hospitalizations within the last 3 months (“H”) (0 or =1); and hepatic metastases (“H”).
Hazards ratios and partial scores for each of these variables are shown in Table 3.

Using both the PSM and NRF methods, patients were split into 3 distinct survival groups.
The most favorable prognostic group had a predicted survival of >1 year, whereas the least
favorable prognostic group had a predicted survival of <3 months (Fig. 2). Based on the
PSM, 149 patients (17%) were included in group A (those with a partial score of 0-4), 680
patients (79%) were included in group B,>15 and 33 patients (4%) were included in group
C.16-20 Based on the NRF method, 119 patients (14%) were included in group A (those with
0-1 risk factors), 694 patients (81%) were included in group B (those with 2—4 risk factors),
and 49 patients (6%) were included in group C (those with 5-6 risk factors). Table 3 shows
median survivals and 95% Cls for groups A, B, and C using both the PSM and NRF
methods. Risk groups had substantial separation with both the PSM and NRF methods, with
no overlapping of 95% Cls. The C-statistic was 0.59 using both the PSM and NRF methods.
Given their equivalent accuracy and similar group findings, the NRF method was
nonetheless considered the superior model because of its greater ease of use.

DISCUSSION

The TEACHH model (type of cancer, ECOG PS, age, prior palliative chemotherapy, prior
hospitalizations, and hepatic metastases) is an easily calculated prognostic tool for patients
with metastatic disease who present for palliative RT, and who comprise approximately 20%
to 40% of patients treated in radiation oncology departments.28-31 Using clinical factors that
are readily available from medical chart review, it identifies 3 distinct prognostic groupings
for patients seen for palliative RT.

The TEACHH model was developed with the goal of identifying patients at the extremes of
the prognostic spectrum (LEs of <3 months and >1 year), who represented 20% of those
patients seen for palliative RT in the current study sample. The LE grouping of <3 months is
critical to palliative care decision-making, such as operative management of cord
compression before RT.32 It is also the time frame in which, if RT is indicated,
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hypofractionated regimens should be used to avoid protracted courses of RT near death.12
Furthermore, an LE of <3 months is also the time frame in which the management of brain
metastases should favor hypofractionated RT and include consideration of monitoring and
steroids alone, particularly for patients with asymptomatic brain metastases.33 In contrast,
the durability of treatment response is an important consideration for patients with an LE of
>1 year because recurrences after palliative RT are likely to occur within this time
frame.12:34 These patients may be candidates for dose escalation, which has been associated
with improved local control for certain palliative disease sites.12:35 Finally, the LE
groupings in the TEACHH model assist in both identifying those patients who are eligible
for hospice care’ and guiding end-of-life discussions and planning by oncologists with their
patients with advanced cancer in accordance with national guidelines.8°

The TEACHH model is distinct in 3 notable ways. First, the model includes 3 novel clinical
predictive variables. To the best of our knowledge, the number of prior palliative
chemotherapy courses and prior hospitalizations have not been previously reported as
factors predictive of LE, but are clinically consistent findings given that they are markers for
progressive disease and/or increasing symptom burden. Furthermore, although Chow et al
defined the location of metastatic disease broadly as bone versus nonbone,!3 the TEACHH
model may further refine which nonbone metastatic site (the liver) is largely responsible for
a decrease in survival. Hepatic metastases have not to our knowledge been previously
identified as a factor predicting LE in this patient population, although visceral metastases
more generally have been shown to be predictive.36:37 Hepatic metastases may herald the
terminal stage of cancer progression and/or they may be directly responsible for a patient’s
clinical deterioration (eg, liver dysfunction causing metabolic derangements and/or
precluding anticancer chemotherapies). Age, although found to be predictive of survival in
other disease-specific advanced cancer settings,1° has not yet been found to be a significant
factor in prognostic models of general patient populations with advanced cancer. As noted in
the disease-specific setting,1° patient age may be a hallmark of both treatment tolerance and
comorbid conditions, both of which are likely to impact survival. Cancer type (lung vs other
types) and PS, the remaining significant predictors of survival, have been shown in
numerous studies to be significant predictors of survival.1316-23 Second, our model uses
ECOG PS as opposed to Karnofsky PS.13:21 The broader performance categories used in the
ECOG scale are arguably easier for clinicians to use and it has largely become the standard
internationally for evaluating the PS of patients with cancer.38 Finally, as previously
discussed, our model identifies LE groups at meaningful prognostic time points for patients
with cancer and provides nonoverlapping 95% Cls for median survivals of each group to
optimize clinical usefulness and applicability.

The TEACHH model has important limitations. First, it did not examine the prognostic
usefulness of laboratory values (eg, albumin) or symptoms (eg, fatigue, delirium), which
have been included in other models.17:19:21.23 gych factors were not included in the current
analysis because of the study objective to include only those clinical factors that can be
reliably assessed for any patient referred for palliative RT and a desire to avoid including
subjective measures that may have low interrater reliability. Next, the TEACHH model was
developed specifically in patients receiving palliative RT and therefore may not be
generalizable to other patient populations with metastatic cancer. In addition, to eliminate
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any interdependence of courses, only patients’ first courses of RT were used in the model
development, which could lead to a selection bias toward patients with longer survival
times. To examine this bias, we reran our analysis to include all RT courses received by a
patient, and the results were unchanged. In addition, although the TEACHH model provides
nonoverlapping Cls for median survivals, ideally it would also provide clinicians with an
estimated range of possible survivals for each patient, for which further studies in larger
patient populations are required. Finally, the TEACHH model requires external validation to
assess its accuracy in disparate settings of patients with advanced cancer presenting for
palliative RT.

TEACHH is a prognostic model that was developed among patients with metastatic cancer
being treated with palliative RT. The model discriminates 3 groups of patients with median
LEs relevant to RT clinical decision-making. By providing LE estimates, this model may
help clinicians provide quality palliative care to their patients with advanced cancer and their
families.
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Figure 1.
Overall survival (OS) is shown for the survival groups using the number of risk factors

model by Chow et al.13 Survival estimated using the Cox regression method (gray line) and
actual survival calculated by the Kaplan-Meier method (black line) are shown.
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Figure2.
Overall survival (OS) is shown for each TEACHH (type of cancer, Eastern Cooperative

Oncology Group performance status, age, prior palliative chemotherapy, prior
hospitalizations, and hepatic metastases) survival group. Survival estimated by the Cox
regression method (gray line) and actual survival calculated using the Kaplan-Meier method
(black line) are shown. (Top) Estimated survival is shown based on the number of risk
factors method. (Bottom) Estimated survival is shown based on the partial score method.
SPS indicates summated partial score.
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Patient Characteristics (N = 862)

Characteristic No. %
Sex

Male 420 48.7%

Female 442 51.3%
Type of cancer

Breast 86 10.0%

Prostate 63 7.3%

Lung 365 42.3%

Other@ 348 40.4%
Location of metastasis

Bone 514 59.6%

Lung 177 20.5%

Liver 203 23.6%

CNS 354 41.1%

Other 205 23.8%
Metastasis burden

Bone only 227 26.3%

Non-bone only 635 73.7%
KPS

<60 225 26.1%

>60 637 73.9%
ECOG PS

0,1 514 59.6%

2 216 25.1%

3,4 132 15.3%
Prior hospitalizations within the last 3 mo

No 385 44.7%

Yes 477 55.3%
Age at treatment, y

<60 384 44.5%

>60 478 55.5%

Median 62

Range 22-98
No. of prior palliative chemotherapy courses

0 466 54.1%

1-2 249 28.9%

>2 147 17.1%

Median 0

Range 0-12

No. of prior palliative RT courses

Cancer. Author manuscript; available in PMC 2015 May 28.
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Characteristic No. %
No 756 87.7%
Yes 106 12.3%
Median 0
Range 0-4

Time from primary diagnosis to metastasis diagnosis, mo
Median 0.3
Range 0-380.0

Time from metastasis diagnosis to RT consult, mo
Median 15
Range 0-273.6

Page 13

Abbreviations: CNS, central nervous system; ECOG PS, Eastern Cooperative Oncology Group performance status; KPS, Karnofsky performance

status; RT, radiotherapy.

aComposition of “Other” category: colorectal, 4.2%; pancreas, 1.7%; stomach, 0.35%; esophageal, 3.1%; gynecological, 4.9%; lymphoma, 2.1%;

melanoma, 5.3%; renal, 5.2%; head and neck, 1.4%; CNS primary, 0.1%; sarcoma, 2.6%; and other, 9.4%.
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