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Abstract

Objectives:

To estimate the clinical and economic trade-offs involved in using a molecular assay (92-gene assay,

CancerTYPE ID) to aid in identifying the primary site of difficult-to-diagnose metastatic cancers and to

explore whether the 92-gene assay can be used to standardize the diagnostic process and costs for

clinicians, patients, and payers.

Methods:

Four decision-analytic models were developed to project the lifetime clinical and economic impact of

incorporating the 92-gene assay compared with standard care alone. For each model, total and

incremental costs, life-years, quality-adjusted life-years (QALYs), incremental cost–effectiveness ratios

(ICERs), and the proportion of patients treated correctly versus incorrectly were projected from the payer

perspective. Model inputs were based on published literature, analyses of SEER (Surveillance Epidemiology

and End Results) data, publicly available data, and interviews with clinical experts.

Results:

In all four models, the 92-gene assay increased the proportion of patients treated correctly, decreased the

proportion of patients treated with empiric therapy, and increased quality-adjusted survival. In the primary

model, the ICER was $50,273/QALY; thus, the 92-gene assay is therefore cost effective when considering a

societal willingness-to-pay threshold of $100,000/QALY. These findings were robust across sensitivity

analyses.

Conclusions:

Use of the 92-gene assay for diagnosing metastatic tumors of uncertain origin is associated with reduced

misdiagnoses, increased survival, and improved quality of life. Incorporating the assay into current practice

is a cost-effective approach to standardizing diagnostic methods while improving patient care. Limitations of

this analysis are the lack of data availability and resulting modeling simplifications, although sensitivity

analyses showed these to not be key drivers of results.

Introduction

Despite recent advances in technology and diagnostic approaches, a significant
number of new cancer patients present with metastatic cancers in which the
primary site of tumor origin remains uncertain after a standard clinical and
pathological workup1–3. These cases are often associated with poorly differen-
tiated or undifferentiated tumors, atypical clinical presentation, and/or limited
tissue samples1. Although some patients are identified as having cancer of
unknown primary, many others do not fit the definition of unknown primary
but have differential diagnoses of two or more possible tumor types. Such diag-
nostic uncertainty impacts clinicians’ abilities to determine the optimal treat-
ment regimen. Standard treatment for patients without definitive diagnoses

! 2014 Informa UK Ltd www.informahealthcare.com/jme Cost effectiveness of the 92-gene assay Bentley et al. 1

mailto:tbentley@pharllc.com


varies widely, often relying on nonspecific, broadly acting,
empiric chemotherapy regimens, and resulting in poor
prognosis1,2. These patients are also at risk for misdiag-
nosis4, which may lead to incorrect primary treatment
approaches. Clinical practice guidelines recommend com-
prehensive diagnostic testing and clinical evaluation to
identify the tumor site of origin and thereby inform the
optimal treatment pathway3. Multiple studies have
demonstrated that, compared with empiric approaches,
therapeutic strategies based on accurate identification of
the primary tumor type and on targeted molecular path-
ways can improve patient outcomes5–8.

Clinical evaluation for metastatic cancer patients with
uncertain diagnoses depends on clinical presentation and
may include a wide range of complex procedures. Many
such diagnostic procedures are invasive, may be burden-
some, and pose significant risk to patients; furthermore,
physicians use a wide variety of diagnostic techniques
when evaluating patients with metastatic cancer2,9.
The financial implications of such a diagnostic odyssey
can be significant: one study reported an average cost of
nearly $18,000 per patient, not including newer imaging
technologies such as positron emission tomography
scans10. The benefits of using these procedures are unclear;
for example, in a recent study assessing the use of colon-
oscopy to identify the primary tumor site in metastatic
cancer patients, colon cancer was identified in two of
160 patients tested, and one patient died from proced-
ure-related complications11.

Gene expression profiling assays have been developed
to aid clinicians in identifying the primary tumor type in
cases that are difficult to diagnosis with traditional meth-
odologies12–16. One such option, the 92-gene assay
(CancerTYPE ID; bioTheranostics Inc., San Diego, CA,
USA), measures the expression of 92 genes to classify 50
tumor types. In a large, blinded, multiinstitutional valid-
ation study, the 92-gene assay demonstrated 87% accuracy
(95% CI: 84%–89%)14, and in a blinded comparative
effectiveness study the test demonstrated higher accuracy
than standard-of-care pathologic review with immunohis-
tochemistry (IHC)17. Finally, in a large prospective
clinical trial, previously untreated cancer patients with
metastatic disease and an unknown primary site of origin
were tested with the 92-gene assay and received site-
specific treatment based on assay results. Median overall
survival was significantly improved in patients receiving
assay-directed, site-specific treatment compared with
those treated with empiric chemotherapy regimens (12.5
versus 9.1 months, respectively)8.

Although the clinical value of incorporating the 92-
gene assay into the diagnostic pathway to help inform
treatment planning has been demonstrated8,13,14,17,18,
the cost effectiveness of this approach compared with
standard care methods has not previously been assessed.
With increasing medical expenditures in the US, it is

critical to know which diagnostic and treatment options
offer clinical benefit at a reasonable cost compared with
viable alternatives. In this analysis, we used decision-ana-
lytic methodology to estimate the clinical and economic
trade-offs involved in using the 92-gene assay to aid in
identifying the primary site of tumors of uncertain origin.
We also explored whether the 92-gene assay could be used
to standardize the diagnostic process and costs for clin-
icians, patients, and payers.

Methods

Overview

We developed four separate deterministic decision-
analytic models to project, from the payer perspective,
the effectiveness and cost of using the 92-gene assay com-
pared with standard care methods to identify the primary
tumor site among patients with metastatic cancer of uncer-
tain origin. The models each evaluated a cohort of hypo-
thetical patients whose diagnosis was based on an initial
oncology consultation and a hematoxylin and eosin
(H&E) stain. Clinical outcomes and cost implications
were evaluated given patients’ progression through path-
ways of diagnostic procedures and eventual treatment. The
models, including one primary model and three additional
models, differed in their assumptions about current stand-
ard diagnostic methods and assessed the benefits and costs
of introducing the 92-gene assay under each such inter-
pretation compared with standard care methods. Our
study did not involve human participants, and therefore
did not require institutional review board approval.

We projected lifetime costs, life-years (LYs), quality-
adjusted life-years (QALYs), incremental cost–effective-
ness ratios (ICERs), and the percentage of patients treated
with correct site-specific therapy. Data regarding cancer
incidence and survival, proportions of patients receiving
diagnostic procedures and cancer treatments, health-
related quality of life, and costs were estimated based on
published sources and expert opinion1,3,6,7,18–36. Outcomes
were undiscounted because of the short metastatic cancer
survival duration of approximately 1 year. The models
were developed using TreeAge Pro 2012 (TreeAge
Software Inc., Williamstown, MA, USA), and costs were
inflated to 2012 US dollars (USD) using the annual med-
ical care inflation index37.

Structures

The primary model begins with patients with confirmed
metastatic cancer with an uncertain site of tumor origin
based on an initial oncology consultation, pathology
review, hematoxylin and eosin (H&E) stained section,
and an initial set of six IHC stains (Figure 1a). As patients
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(a)

(b)

Figure 1. The 92-gene assay model schematic. (a) Primary model. (b) Early model. (c) Late model. (d) Clinically simplified model. H&E, hematoxylin and eosin;
IHC, immunohistochemistry; MIBG, iodine-131-meta-iodobenzylguanidine scintiscan.
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progressed in the model through diagnosis, their experi-
ences differed depending on the number of the following
procedures that they received: pathology consultation,
oncology consultation, or further clinical evaluation and
workup; marker testing; imaging; invasive procedures; and
92-gene assay testing. All patients were eventually con-
sidered either ‘diagnosed’ (and were treated accordingly
with site-specific therapies) or ‘undiagnosed’ (and were
treated with site-specific therapy for a suspected primary
site or with an empiric chemotherapy regimen). A portion
of treatments was defined as ‘correct’, in which the site of
origin was correctly identified and site-specific treatment
was administered accordingly. Some patients receiving the
92-gene assay were treated according to the assay’s

prediction, whereas others were not and instead continued
to receive further diagnostic procedures.

In addition to the primary model, three additional
models were developed to assess alternative assumptions
regarding the standard diagnostic methods. Two of these
models evaluated incorporation of the 92-gene assay ear-
lier and later in the diagnostic process. In the early model,
the 92-gene assay was used before the first set of IHC stains
in the patient population entering the model (Figure 1b).
In the late model, the 92-gene assay was used after a second
set of IHC stains in patients who were still undiagnosed at
this time point (Figure 1c). Finally, a clinically simplified
model was also developed. This model compared an
approach using the 92-gene assay and treating immediately

(c)

(d)

Figure 1. Continued.
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based on the assay result with an empiric chemotherapy
treatment approach (Figure 1d). This also served as a
validation exercise because these assumptions mimic
the methods used in the prospective clinical trial of site-
directed chemotherapy based on assay prediction8.

Inputs

All models included patients with the following eight can-
cers, which comprised 80% of cancers in our patient popu-
lation: breast; colon and rectum; kidney and renal pelvis;
liver and intrahepatic bile duct; lung and bronchus; ovar-
ian; pancreatic; and prostate cancer6,19. We analyzed
Surveillance Epidemiology and End Results (SEER) data
(SEER*Stat version 7.1.0) to calculate mean survival for
each metastatic cancer and histologic subtype20. These
estimates were adjusted for correct versus incorrect treat-
ment based on published survival estimates associated with
site-specific versus empiric therapy1,7 (Supplementary
online appendix table 1). For patients receiving empiric
treatment, survival (13.13 months) was estimated from
published literature (Greco 20111). The proportion of
cancer patients with one primary tumor site identified at
different points along the diagnostic continuum was esti-
mated based on published estimates and expert opinion
(Table 1)21. Additional workup increased the likelihood
of correct treatment.

Select model costs and utility estimates are shown in
Table 1. The costs of IHC stains were estimated from the
Physicians’ Fee and Coding Guide 201238. Use of pathology
and oncology consultation was obtained from published
estimates3,18,22,23 and expert opinion, with related costs
estimated from the Physicians’ Fee and Coding Guide 2012
and published studies24,25,38. The commercial list price was
used for the 92-gene assay cost (bioTheranostics 2012).
Costs of site-specific and empiric treatment were estimated
from published literature (Table 1)26,27. These costs were
based on Medicare data and consisted of all claims, includ-
ing both inpatient and outpatient services. For site-specific
therapy, we included separate costs for three time points:
the first 12 months after diagnosis, the last 12 months of
life, and all years in between.

Health-related quality of life was incorporated using
utility weights associated with correct and incorrect treat-
ment of each cancer; estimates were based on data from the
published literature and constant across histologic sub-
types (Table 1). Utility weights associated with stable,
treated disease for each cancer were used for patients
undergoing correct treatment28–35. For patients with
incorrect treatment, utility weights associated with pro-
gressive disease were used when available by cancer type
(for breast, colon and rectum, kidney and renal pelvis, and
lung and bronchus); otherwise, proportionate decreases of
utility weights associated with correct treatment were

applied, as modeled by the National Institute for Health
and Clinical Excellence (NICE)36. The utility weight for
patients treated with empiric treatment was calculated as
the weighted average of values found in the NICE
assessment36.

Analyses

In all models, ICERs were calculated as the ratios of incre-
mental costs to incremental QALYs and incremental LYs.
Proportions of patients diagnosed correctly and incorrectly
and treated empirically were also predicted for each
strategy.

For the primary model, one-way sensitivity analyses and
probabilistic sensitivity analyses were conducted to evalu-
ate the impact of parameter uncertainty on model out-
comes. In one-way sensitivity analyses, each parameter
was varied individually at �25% of the base case value.
In the probabilistic sensitivity analyses, all parameters
were varied simultaneously for 1000 model iterations.
Across iterations, clinical parameters (survival and diag-
nostic event rates) were normally distributed with a mean
of the base case value, a standard deviation (SD) of 10% of
the base case for estimates derived from the literature, and
a SD of 25% of the base case for estimates based exclusively
on expert opinion. Cost parameters followed a gamma dis-
tribution, with alpha and beta estimated for a mean of the
base case value and a SD of 10% of the base case. Utility
weights were uniformly distributed, �25% of base case
value, bounded by 0 and 1.

Results

In the primary model, patients with metastatic cancer of
uncertain origin who were diagnosed with the 92-gene
assay compared with standard care methods alone were
more likely to be treated with correct site-specific therapy
(81% versus 58%) and less likely to be treated incorrectly
(15% versus 29%) or treated with empiric therapy (4%
versus 13%) (Figure 2). Use of the 92-gene assay increased
quality-adjusted survival by 1.15 months (10.34 vs. 9.20
months) and unadjusted survival by 0.92 months (15.56 vs.
14.64 months). Use of the assay added $4804 in diagnostic
and treatment costs ($76,884 versus $72,080), resulting in
ICERs of $50,273/QALY and $62,451/LY (Table 2).

In one-way sensitivity analyses of the primary model,
the ICER was most sensitive to the costs of empiric treat-
ment and of the 92-gene assay. The ICER never exceeded
$62,812 with any parameter variations (Figure 3a). In the
probabilistic sensitivity analyses, at a societal willingness-
to-pay (WTP) threshold of $100,000/QALY, the 92-gene
assay would be considered cost effective 98.8% of the time
(Figure 3b).

In the early model – in which the 92-gene assay was
used earlier in the diagnostic process (i.e., before a first set
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of six IHC stains) – more patients were diagnosed and
treated correctly (Figure 2). Life expectancy increased
when using the 92-gene assay earlier in the diagnostic
process, as did total cost, resulting in an ICER of
$63,972/QALY (Table 2). When the 92-gene assay was
used after the second set of nondiagnostic IHC stains
(late model), the ICER increased a similar amount to
$63,796/QALY; however, using the 92-gene assay later
in the diagnostic process resulted in a slightly lower
percentage of patients diagnosed and treated correctly

compared with the primary model (Figure 2). In the
clinically simplified model, survival increased by 3.4 qual-
ity-adjusted months, and the ICER increased to $85,584/
QALY (Table 2).

Discussion

Current methods for diagnosing patients with metastatic
cancer of uncertain origin are highly heterogeneous,

Table 1. The 92-gene assay model: event probabilities, costs, and utility weights.

Estimatea Source

Event Probabilities
Diagnostic result in cases of uncertain diagnosis following initial

workup and pathology/IHC reviewb (%)
22–29 18

Correct treatment (%), following:
Diagnosis (following clinical workup, oncology consultation) 83 Expert opinionc

Diagnosis (following physician agreement) 87 14

Diagnosis and suspected primary site (all other instances) 66 4

Treatment for suspected primary site (%) 45–75 Expert opinionc

Empiric treatment (%) 10–25 Expert opinionc

Further workup (%) 15–25 Expert opinionc

Physician agreement with the 92-gene assayd (%) 84 18

Diagnostic Costse

IHC stain $359 38

Further clinical workupf $9377 24,25,38

Further pathology consultationg $2518 38

Further oncology consultation $453 38

The 92-gene assay $3950 bioTheranostics (list price)
Cancer Treatment Costse,h

Breast cancer $38,101–$58,636 26

Colon and rectum cancer $68,409–$77,298 26

Kidney and renal pelvis cancer $58,711–$73,185 26

Liver and intrahepatic bile duct cancer $78,397–$93,032 26

Lung and bronchus cancer $57,276–$89,551 26

Ovarian cancer $76,552–$77,809 26

Pancreatic cancer $78,577–$100,596 26

Prostate cancer $17,069–$50,150 26

Empiric treatment $37,128–$49,860 26,27

Utility Weightsi

Breast cancer 0.44–0.72 32

Colon and rectum cancer 0.63–0.77 33

Kidney and renal pelvis cancer 0.36–0.80 34

Liver and intrahepatic bile duct cancer 0.44–0.63 28,36

Lung and bronchus cancer 0.47–0.65 35

Ovarian cancer 0.48–0.69 29,36

Pancreatic cancer 0.46–0.65 30,36

Prostate cancer 0.53–0.76 31,36

Empiric treatment 0.55 36

IHC, immunohistochemistry.
aRanges reflect values used across different points in the model.
bOne primary site identified.
cEstimated based on consultations with various practicing clinical oncologists.
dAgreement with the 92-gene assay diagnosis and treated accordingly; physicians of all other patients undergoing 92-gene assay testing
are assumed to disagree with the result and proceed with further workup.
eCosts were inflated to 2012 USD.
fProcedures include those in National Comprehensive Cancer Network (NCCN) guidelines and those recommended by experts.
gIncludes fee for pathology consultation and report on referred material requiring preparation of slides as well as cost of performing six IHC
stains.
hRanges reflect costs for the first 12 months after diagnosis and the final 12 months of life. For all cancers, the cost for the months between
the initial and last year of life phases averaged $6022 and ranged from $3433 (prostate cancer) to $11,108 (liver and intrahepatic bile duct
cancer).
iRanges reflect utilities for incorrect (lower bound) and correct treatment (upper bound).
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varying with clinical presentation and physician prac-
tice2,9. Patient factors such as performance status, socio-
economic status, and treatment preferences must also be
taken into account in diagnostic and treatment decision
making. Initial evaluation will typically include a com-
plete history and physical examination (including breast,

genitourinary, pelvic, and rectal examinations as appropri-
ate), routine laboratory studies (i.e., complete blood count,
electrolytes, liver function tests, creatinine, and calcium),
occult blood stool testing, and symptom-directed endos-
copy3. Further evaluation may include a wide range of
imaging studies, IHC analysis, additional tumor marker
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Figure 2. Distribution of treatment by use of 92-gene assay in the primary, early, and late models.

Table 2. The 92-gene assay model: base case results.

Costsa Survival (mo) Survival (QA mo) Incremental CE Ratio

Lifetime � Lifetime � Lifetime � $/LY $/QALY

Primary Modelb

Standard care methods $72,080 – 14.64 – 9.20 – – –
92-gene assay $76,884 $4804 15.56 0.92 10.34 1.15 $62,451 $50,273

Early Modelc

Standard care methods $72,915 – 14.75 – 9.33 – – –
92-gene assay $78,388 $5473 15.60 0.85 10.35 1.03 $77,501 $63,972

Late Modeld

Standard care methods $69,915 – 14.56 – 9.09 – – –
92-gene assay $75,954 $6038 15.47 0.91 10.23 1.14 $79,269 $63,796

Clinically Simplified Modele

Standard care methods $53,353 – 13.13 – 7.22 – – –
92-gene assay $77,582 $24,229 15.78 2.65 10.62 3.40 $109,749 $85,584

CE, cost effectiveness; LY, life year; mo, months; QA, quality-adjusted; QALY, quality-adjusted life-year.
aCosts were inflated to 2012 USD.
bThe primary model begins with patients with confirmed metastatic cancer with an uncertain site of tumor origin based on initial oncology consultation, a
hematoxylin and eosin (H&E) stain, and an initial set of six IHC stains.
cThe early model assessed the 92-gene assay when it was used before the first set of six IHC stains in the patient population entering the model.
dThe late model assessed the 92-gene assay when it was used after the second set of six IHC stains in patients who were still undiagnosed at this point.
eThe clinically simplified model compared an approach using the 92-gene assay and treating immediately based on the assay result with an empiric chemotherapy
treatment approach.
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tests, and invasive procedures, although use of such meth-
ods is not universal. Until now, the economic trade-offs
associated with these procedures had not been formally
assessed, and there was still controversy about the extent
to which such high-cost and time-consuming diagnostic
procedures optimized patient outcomes and resource
allocation1,3,10,11.

Our analysis, the first of its kind to examine the clinical
and economic trade-offs involved in using the 92-gene
assay, indicates that the 92-gene assay may lead to efficient

resource allocation by creating a standardized approach
that improves clinical outcomes at a reasonable cost. In
particular, the favorable $50,273/QALY found in the pri-
mary model highlights the value of the assay’s clinical
benefit in situations that are closest to clinical reality.
Recent evidence suggests that the societal willingness-to-
pay threshold in oncology is at least $100,000/QALY, if
not higher39–46. Even when a range of assumptions regard-
ing standard practice patterns are included, the 92-gene
assay remained cost effective when considering these

(a)

(b)

Figure 3. Primary model. (a) One-way sensitivity analyses. Each parameter varied �25%. (b) Probabilistic sensitivity analyses. Individual dots represent
ICERs when all parameters are varied simultaneously for 1000 model simulations. The dotted circular line represents 95% confidence ellipse. IC, incremental
cost, ICER, incremental cost-effectiveness ratio; IE, incremental effectiveness; QALY, quality-adjusted life-year.
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current standards. In all such cases, use of the 92-gene assay
also increased the likelihood of correct diagnosis and treat-
ment, leading to higher overall survival as well as quality-
adjusted survival. These findings were stable when param-
eters were varied to explore uncertainty in model inputs.

Although these models were informed by the best
available data and structured to represent clinical practice,
the real world diagnostic process is complex and nonstan-
dardized. In assessing the 92-gene assay, there was a need
to define a standard care approach for comparison with
the assay. As such, the primary model was developed to
represent the experiences of a ‘typical’ patient, based on
clinical practice guidelines and extensive input from prac-
ticing clinicians. To acknowledge and assess the impact of
the significant heterogeneity in the diagnostic process,
additional models were developed. All analyses showed
that the cost effectiveness of the 92-gene assay was
stable across differing assumptions of modality, extent,
and intensity of diagnostic procedures. In addition, clin-
ical results of the clinically simplified model – in which
patients were all treated either according to the 92-gene
assay or empirically – were similar to those of a prospective
clinical trial8. This further validates the model and find-
ings of our analysis.

The results of this analysis must be considered in light of
its limitations. Eight cancer sites were included in the
model, and the distribution of patients in the model
between these cancers may not reflect reality. Because of
the lack of published data, expert opinion was used to esti-
mate model inputs such as resource utilization that are
known to vary between providers. However, sensitivity
analyses indicated that these inputs were not key drivers
of model results. Survival and treatment cost data were
based on retrospective SEER data and may underestimate
the survival benefits and higher costs of newer therapies
implemented beyond the data collection period as well as
the costs faced by commercial payers. Finally, utility
weights for each cancer were derived from different sources
and may not accurately reflect relative differences in
patient quality of life. Despite this uncertainty, these util-
ity weights were found to have minimal influence on
model results when varied in sensitivity analyses.

Conclusions

The lack of a standardized diagnostic process for patients
presenting with metastatic cancer of uncertain primary
poses significant clinical, economic, and quality-of-life
burdens to patients, clinicians, and the healthcare system
overall. The results of this study indicate that incorporat-
ing the 92-gene assay in the diagnostic paradigm will
standardize the diagnostic process, improve treatment
accuracy and clinical outcomes, and optimize resource
allocation.
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Appendix Table 1. Mean Survival for Eight Primary Cancer Sites by Histologic Subtype.

Primary Cancer Site and
Histologic Subtype

SEER Analysisa,b

(mo)
Correct Treatmentc

(mo)
Incorrect Treatmentc

(mo)

Breast
Adenocarcinoma, NOS 30.70 33.84 24.64
Squamous cell 15.15 16.70 12.16
Neuroendocrine 12.32 13.58 9.89

Colon and rectum
Adenocarcinoma, NOS 18.25 20.12 14.65
Squamous cell 12.72 14.03 10.21
Neuroendocrine 8.74 9.64 7.02

Kidney and renal pelvis
Adenocarcinoma, NOS 10.60 11.69 8.51
Squamous cell 6.56 7.24 5.27
Neuroendocrine 3.56 3.93 2.86

Liver and intrahepatic bile duct
Adenocarcinoma, NOS 4.26 4.69 3.41
Squamous cell n/a n/a n/a
Neuroendocrine 2.89 3.18 2.32

Lung and bronchus
Adenocarcinoma, NOS 7.19 7.93 5.77
Squamous cell 7.53 8.30 6.04
Neuroendocrine 8.40 9.26 6.74

Ovary
Adenocarcinoma, NOS 22.60 24.91 18.13
Squamous cell 6.91 7.62 5.55
Neuroendocrine 4.23 4.66 3.39

Pancreas
Adenocarcinoma, NOS 4.95 5.45 3.97
Squamous cell 5.41 5.96 4.34
Neuroendocrine 13.91 15.33 11.16

Prostate
Adenocarcinoma, NOS 56.81 62.61 45.58
Squamous cell 19.48 21.47 15.63
Neuroendocrine 14.86 16.38 11.92

n/a, not available; NOS, not otherwise specified; SEER, Surveillance Epidemiology and End Results.
aUnless otherwise noted, source: SEER Survival Analysis, Hainsworth 2012.
bStage IV, IV NOS, IVA, IVB, IVC patients only.
cSEER column used to calculate correct and incorrect survival for use in the model, adjusted for based on published survival estimates
associated with site-specific versus empiric therapy.
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