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Abstract
Purpose: The Innovent Oncology Program aims to improve
the value of cancer care delivered to patients. McKesson Spe-
cialty Health and Texas Oncology (TXO) collaborated with Aetna
to launch a pilot program. The study objectives were to evaluate
the impact of Innovent on Level I Pathway compliance, imple-
ment the Patient Support Services program, and measure the
rate and costs associated with chemotherapy-related emer-
gency room (ER) visits and hospital admissions.

Patients and Methods: This was a prospective, nonrandom-
ized evaluation of patients enrolled in Innovent from June 1, 2010,
through May 31, 2012. Data from the iKnowMed electronic health
record, the McKesson Specialty Health financial data warehouse,
and Aetna claims data warehouse were analyzed.

Results: A total of 221 patients were included and stratified
according to disease and age groups; 76% of ordered regimens
were on pathway; 24% were off pathway. Pathway adherence
improved from TXO baseline adherence of 63%. Of the 221
patients, 81% enrolled in PSS. Within the breast, colorectal, and
lung cancer groups, 14% and 24% of patients had an ER visit
and in-patient admission (IPA; baseline) versus 10% and 18% in
Innovent, respectively; average in-patient days decreased from
2.1 to 1.2 days, respectively. Total savings combined for the
program was $506,481.

Conclusion: Implementation of Innovent positively affected
patient care in several ways: Fewer ER visits and IPAs occurred,
in-patient days decreased, cancer-related use costs were re-
duced, and on-pathway adherence increased.

Introduction
Declining reimbursement, sequester cuts, and reimbursement
advantages for hospitals threaten community oncology prac-
tice.1-4 We present results of a pilot study involving Texas On-
cology (TXO), a community oncology practice; the Innovent
Oncology Program (supported by McKesson Specialty Health
[MSH] and the US Oncology Network); and Aetna.

To address the rising costs of cancer treatment while emphasiz-
ing evidence-based medicine, the US Oncology Network devel-
oped the Innovent Oncology Program. Program goals address
three drivers of high cost: variable use of drugs,4-6 deterioration of
patient health status between treatments, and ineffective interven-
tions near the end of life.7 Innovent incorporates three programs:
Level I Pathways, Patient Support Services (PSS), and Advance
Care Planning.7 In this report, we focus on Level I Pathways
and PSS.

Level I Pathways are treatment guidelines established for an
evidence-based oncology program. Published data are evaluated
to assess efficacy, toxicity, and cost. Treatment choices are based
on lines of therapy and integrated into the iKnowMed (iKM)
electronic health record. Pathway adherence is calculated from
patient- and disease-specific data elements, line of therapy, and
regimen prescribed. Adherence is measured for each regimen (v
patient) at the time of treatment order based on physician in-
tent in iKM. The mission of Level I Pathways is to provide

treatment options that maximize survival, minimize toxicity,
and provide cost-saving opportunities for patients and payers.7

PSS is a telephonic nursing intervention program to support
patients throughout chemotherapy. Oncology-certified nurses
contact, assess, and educate patients between treatments. Pro-
active calls occur before chemotherapy initiation to establish
patient clinical and psychosocial baseline measures. Post-treat-
ment call timing is based on frequency of chemotherapy admin-
istration, patient comorbidities, and risk of adverse events
throughout treatment. GI toxicities, infection, thromboembo-
lic events, pain, and depression are specific required queries
during each call, as are patient-reported outcomes measured by
the Edmonton Symptom Assessment Scale. Calls occur when
adverse effects are identified and require clinical monitoring
or when intervention is needed. New or uncontrolled symp-
toms are reported to the patient’s physician for assessment
and treatment to direct the patient to the oncologist for
adverse effect management, reducing emergency room (ER)
visits and hospitalizations.

Patient education is regimen specific and reinforces educa-
tion received from the clinic. Nursing interventions are docu-
mented directly in the patient’s medical record, providing
continuity of care across the patient treatment continuum. Pa-
tient surveys report patient satisfaction with the program. Sur-
veys are mailed to each PSS patient after program participation.
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To evaluate the impact of Innovent, MSH and TXO, a
single tax identification group of more than 350 cancer special-
ists practicing in a US Oncology Network–affiliated practice in
Texas, collaborated with Aetna to launch a pilot program. Mul-
tidisciplinary cancer centers (medical, radiation, surgical oncol-
ogy) span the state and include rural, suburban, and urban
centers. The study objectives were to evaluate the impact of
Innovent on Level I Pathway compliance within TXO, im-
plement PSS, measure the rate and costs associated with
chemotherapy-related ER visits and in-patient use, and as-
sess chemotherapy costs.

Patients and Methods
This was a prospective, nonrandomized evaluation of patients
enrolled in Innovent seen by TXO physicians from June 1,
2010, to May 31, 2012. The program was conducted over 2
years: Program year 1 (PY1) was from June 1, 2010, to May 31,
2011, and program year 2 (PY2) was from May 1, 2011, to
April 30, 2012. The study was institutional review board ap-
proved. No attempt was made to direct patients to particular
physicians based on practice patterns. All TXO physicians were
on the Aetna provider panel, and patients had unrestricted phy-
sician choice.

Patient Characteristics
Four groups of patients enrolled in an eligible Aetna insurance
plan were compared: two TXO groups (baseline and Innovent)
and two non-TXO groups (concurrent control [CC] baseline
and CC active). Patients were included in the Innovent group
for PY1 or PY2 if they had an Innovent cancer diagnosis treated
by a TXO physician and initiated chemotherapy during the
active Innovent period, PY1/PY2.

Patients were excluded if they had an initial chemother-
apy claim in the last month of PY1 or had no chemotherapy
claim within the program year. Patients beginning chemo-
therapy the month before PY2 were excluded from analysis
to minimize overlap of data from PY1 to PY2 but were
managed by Innovent.

Chemotherapy included oral and intravenous routes of im-
munotherapy, biologics, and targeted therapies, identified by
Healthcare Common Procedure Coding System codes. Sup-
portive agents, such as RBC and WBC growth factors, and
bone agents (bisphosphonates) were included as chemothera-
py-related drug costs (CRDCs). Hormonal agents were ex-
cluded.

Diagnoses were grouped into breast, colorectal, lung, ovar-
ian, pancreatic, hematologic, and prostate cancers, which were
all included in pathway adherence determination. Disease cat-
egories were divided by age at program entry (age 18-50 and
�51 years) for 14 final cohorts. All patients and regimens were
included in pathway adherence analysis; however, because
numbers of patients in most of the 14 cohorts were small, only
breast, colorectal, and lung cancers were included in the Inno-
vent study cohort for additional performance metric analyses.

Patients with breast, colorectal, or lung cancer meeting these
clinical, diagnostic, and payer-specific criteria in the 12 months

before initiation of Innovent and seen by TXO physicians were
identified for comparison of metrics with the Innovent study
cohort and were included as the TXO baseline population. Two
additional populations were identified for study inclusion and
comprised patients in Texas seen outside of TXO who had
Aetna coverage. They were classified as follows: CC baseline
population, comprising Texas patients meeting the inclusion
criteria the year before the program years, and CC active pop-
ulation, comprising Texas patients meeting inclusion criteria
during the program years. Neither the CC baseline nor CC
active group was managed by Innovent. The CC baseline and
CC active populations were identified through Aetna claims
data and matched with the TXO cohorts by diagnosis and age.
Clinical information, including stage, line of therapy, and dis-
ease-specific information, was not available. These two non-
TXO populations were used to assess drug costs only.

Performance Metrics
Data obtained from iKM, the US Oncology MSH financial
data warehouse; and the Aetna claims data warehouse were
analyzed to include clinical and claims elements and to evaluate
the predetermined performance metrics. Pathway adherence
was defined as the percentage of regimens ordered in each pop-
ulation on pathway. PSS use was calculated as the percentage of
active treatment members engaged in PSS. CRDCs (chemo-
therapy plus select supportive care agents) were determined
from a fee schedule agreed on before Innovent initiation. Acute
care use and costs from Aetna claims data (chemotherapy-
related in-patient admissions [IPAs] and ER visits) were also
predetermined from an agreed-on fee schedule. IPAs and ER
visits were defined as events that could occur as a result of
chemotherapy administration and included toxicities like GI-
related events, infection, thromboembolic events, and nutrition
and fluid abnormalities, among others. Only events captured
within 30 days of treatment were included as chemotherapy
related. Pain scores, patient satisfaction, and referrals to Aetna
case management were also collected.

Population Comparison and Analysis
Pathway adherence, ER visits, IPAs, and in-patient days (IPDs)
were measured by comparing metrics in the TXO baseline ver-
sus Innovent populations. ER visits, IPAs, and IPDs were as-
sessed by count and costs. IPAs, IPDs, and ER visits were
included when the date of service (ER) or date of admission
(IPA) fell on or after the first chemotherapy administration and
on or before 30 days after the last chemotherapy administra-
tion. CRDCs were evaluated using a concurrent control com-
parison, measuring the rate of change from TXO baseline to
Innovent versus the rate of change from CC baseline to CC
active.

Statistical Evaluation
Patient characteristics including diagnosis, sex, stage at diagno-
sis, and age were assessed for differences between TXO baseline
and Innovent groups (PY1 and PY2 collectively). Statistical
significance was set at 5%. No adjustments were made for mul-
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tiplicity of testing. Categorical variables were evaluated using �2

or Fisher’s exact test8; Wilcoxon rank sum test9 was used to
compare age and time on treatment as continuous variables.

Poisson regression analyses10,11 were used to assess out-
comes, ER visit and IPA counts, and length of stay in days. A
model was fit using the covariates, population (baseline or In-
novent), and diagnosis (breast, colorectal, or lung cancer) as
predictors to model response outcomes. Because population is
the primary factor of interest, it was retained in the model
regardless of a statistically significant difference between
groups. However, diagnosis was kept in the model only if sta-
tistically significant at the 5% level.

Goodness-of-fit �2 tests were conducted to evaluate the
Poisson regression model; Pearson �2 statistic was used to assess
overdispersion. Incident rate ratio (IRR) was calculated. If evi-
dence of poor fit was found, negative binomial regression anal-
ysis was used as an alternative, and similar methods were
implemented to assess goodness of fit. Extreme values for total
length of stay were assessed for IPA analysis.

Pathway adherence (on v off pathway) was assessed using a
two-sample test to compare the proportions of pathway adher-
ence, and 95% CIs were constructed. All computations were
executed in SAS software for Windows (version 9.2; SAS Insti-
tute, Cary, NC).

Results

Patient Characteristics
Innovent (PY1, n � 100; PY2, n � 121) included 221 patients.
Each disease cohort was dichotomized by age: 18 to 50 years
(PY1, n � 31; PY2, n � 47) and � 51 years (PY1, n � 69; PY2,
n � 74). Median age at diagnosis for PY1 and PY2 groups was
55 and 53 years, respectively. Pathway adherence was evaluated
for all Innovent cohorts (N � 221), whereas pathway adher-
ence plus ER visits, IPAs, IPDs, and costs included breast, colo-
rectal, and lung cancer cohorts only (n � 169; breast cohort,
age 18-50 and � 51 years; colorectal cancer, age � 51 years;
lung cancer, age � 51 years).

Table 1 shows characteristics for patients in the Innovent
and TXO baseline groups. Of the 221 total Innovent patients,
169 were analyzed for ER visits, IPAs, IPDs, and costs: 99
patients in the breast (PY1, n � 39; PY2, n � 60), 41 in the
colorectal (PY1, n � 20; PY2, n � 21), and 29 in the lung
cancer cohorts (PY1, n � 19; PY2, n � 10). Patients were
matched regarding age, stage at diagnosis, and time on treat-
ment between Innovent and baseline. There were more women
and more patients with breast cancer in the baseline group (P �
.005 and P � .027, respectively). Excluded from the analysis
were 52 Innovent patients because of diagnoses other than
breast, colorectal, or lung cancer.

Pathway Adherence and PSS
In the Innovent population, 76% of ordered regimens were on
pathway, 24% were off pathway, with 4% of off-pathway reg-
imens nonassessable (ie, insufficient discrete data to assess com-
pliance). Overall adherence improved from the TXO baseline

evaluation of 63%. In the breast, colorectal, and lung cancer
cohorts, pathway adherence improved from 69% (569 of 821
regimens ordered) during the baseline year to 79% (211 of 266
regimens ordered) in the Innovent population (95% CI, 0.04 to
0.16; P � .002).

Of the 221 Innovent patients, 81% enrolled in PSS, with
1,118 outbound calls placed. Pain was assessed during 93% of
patient contacts. To evaluate overall patient satisfaction with
the nursing intervention, surveys were sent to patients at the
completion of the program. There was a 26% (n � 64) response
rate, and 83% of responders reported being satisfied with PSS
interventions.

Acute Care Use and Cost Analysis
Chemotherapy-related IPAs, IPDs, and ER visits were assessed
for breast, colorectal, and lung cancer cohorts. In the baseline
population, 14% of patients (n � 90) had an ER visit and 24%
(n � 158) had an IPA versus 10% (n � 17) and 18% (n � 31)
in Innovent, respectively. Significant variability occurred in the
number of IPAs, ER visits, and IPDs for all patients. Of 825
patients in the baseline and Innovent groups, ranges were zero
to nine ER visits, zero to four IPAs, and zero to 56 IPDs (stan-
dard deviation, 4.83). Average ER visits, IPAs, and IPDs were
0.21, 0.38, and 2.08 days in the baseline population versus
0.11, 0.25, and 1.16 in the Innovent group, respectively.

Table 1. Clinical Characteristics of Baseline and Innovent
Populations

Characteristic

Baseline (n � 656) Innovent (n � 169)

PNo. % No. %

Sex .005*

Female 531 81.0 120 71.0

Male 125 19.0 49 29.0

Diagnosis .027*

Breast cancer 435 66.0 99 59.0

CRC 102 16.0 41 24.0

NSCLC 119 18.0 29 17.0

Stage at diagnosis† .24*

I to III 421 76.3 122 80.8

IV 131 23.7 29 19.2

Time on treatment, days .70‡

Median 106.0 105.0

SD 82.3 80.6

Age at diagnosis, years .96*

18 to 50 189 28.8 49 29.0

� 51 467 71.2 120 71.0

Median 56.0 54.0 .07‡

SD 9.1 8.3

Abbreviations: CRC, colorectal cancer; NSCLC, non–small-cell lung cancer; SD,
standard deviation.
* �2 test.
† One hundred four patients in the baseline group (16%) and 18 patients in the
Innovent population (11%) had an unknown stage at diagnosis.
‡ Wilcoxon rank sum test.
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Population was an independent predictor of ER visits (P �
.006), whereas population and diagnosis were independently
associated with IPAs (P � .03 and P � .001, respectively).
Patients in the baseline population had a higher incidence of
both ER visits and IPAs than Innovent patients (IRR, 1.90; P �
.006 and 1.46; P � .03, respectively). Additionally, Innovent
patients had 50% fewer IPDs per patient (2.1 v 1.0 days; IRR,
0.47; P � .018) than baseline population patients (Table 2).

One IPA from each group was excluded as an outlier (47
days in Innovent and 56 days in TXO baseline), because these
observed events were more than nine standard deviations from
the mean. Both population and diagnosis were independent
predictors for IPDs (P � .018 and P � .010, respectively).
Table 2 lists results for the analysis of PY1 and PY2 collectively.
The same methodology was applied and similar analyses were
performed on PY1 and PY2 separately. These results are sum-
marized in Appendix Table A1 (online only).

To estimate the variance of expected savings with this pop-
ulation, a bootstrap was applied. For each member, costs were
compared with expected costs to determine total member-level
savings. From this, 169 members were drawn, with replace-
ment, and savings for this resampled group was computed. To
estimate the probability density of savings, 10,000 such scenar-
ios were produced.

Because the observed incidence of ER visits and IPAs de-
creased in the Innovent population, savings increased. Baseline
IPAs, ER visits, and CRDCs per member for lung cancer were
$12,968, $853, and $23,027 and for one program year per
member were $4,926, $338, and $18,063, respectively. The
resulting IPA, ER visit, and CRDC total savings were $80,217,
$5,147, and $46,180, respectively. Total savings for breast,
colorectal, and lung cancer cohorts were $441,452, $31,628,
and $33,401, respectively, for the program (Fig 1); 1% of sce-
narios produced negative savings.

Discussion
This report presents the first prospective evaluation to our
knowledge of a pathway and disease management program as-
sociated with cost and acute care use data. Cost reduction was
substantial for hospital admissions, hospital days, and ER visits,
with usage reductions of 34%, 44%, and 48%, respectively.

The relative impact of each Innovent component is uncer-
tain. Previous studies have reported geographic variation in
chemotherapy-related hospitalization rates (hospital admits per
patient per year) in a commercial population, ranging from
0.223 to 0.484.3 Incidence of chemotherapy-related ER visits
also varied from 0.465 to 1.626 per patient per year. Another
study6 reported a trend of fewer hospital and ER visits for an
on-pathway group. Notable in our study is the progressive re-
duction in IPAs and ER visits from year 1 to 2, with a second-
year rate of IPAs of 0.19 and an ER visit rate of 0.1, with a
� 50% reduction in all parameters when PY2 is compared
with baseline. These numbers are unprecedented in the cur-
rent literature.12 This suggests that Innovent may improve
on-pathway–alone strategies. PSS is differentiated from
other management programs by proactive and targeted in-

tervention before chemotherapy administration and use of
systematic symptom assessment throughout treatment. Our
patient satisfaction survey response was lower than antici-
pated. We believe several factors were contributory: (1) PSS
nurses did not inform patients that surveys would be sent,
(2) no incentive was provided to participants, and (3) no
follow-up was conducted among nonresponders. To increase
survey responses, we will address these issues. In an older
population with complex comorbidities, PSS will be critical
to high-quality, integrated care.

To meet the needs of this program, significant changes oc-
curred within TXO. Quality committees at each cancer center
were launched in February 2011, focusing on pathway adher-
ence, and monthly reviews of practice site performance were
reported. The committees provided performance feedback to
physicians regarding data completeness and regimen selection.

Table 2. Acute Care Assessments (PY1 and PY2 combined)

Outcome
Response

Observed
Average

Predicted
Count IRR P

Total ER visits

Population .006*

Baseline 0.21 0.21 1.90

Innovent 0.11 0.11 Ref.

Total IPAs

Population† .03*

Baseline 0.38 0.41 1.46

Innovent 0.25 0.28 Ref.

Total IPDs

Population† .018‡

Baseline 2.08 2.09 —

Innovent 1.16 0.99 0.47

Abbreviations: ER, emergency room; IPA, in-patient admission; IPD, in-patient
day; IRR, incident rate ratio; PY, program year; Ref., reference.
* Poisson regression analysis.
† Results after controlling for diagnosis.
‡ Negative binomial regression analysis
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Figure 1. Bootstrap: cumulative 24-month gross savings using 10,000
scenarios.
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These reports provided information on individual physician
and peer performance to promote collaborative exchange and
learning. As a result of this broad-based education effort, path-
way performance improved among all sites and physicians.

This study reinforces the notion that collaboration between
providers and payers is key to understanding the total cost ef-
fects of care management. It is critical to measure drug and
hospital costs over time. Our study demonstrated year-over-
year improvement, with nonsignificant findings after PY1 but
significant changes in PY2 and cumulatively.

Although all pathway diagnoses were included in the pro-
gram, numbers of patients were small in some cohorts; there-
fore, most patients fell into the breast, colorectal, or lung cancer
cohort. There was a predominance of young patients receiving
adjuvant chemotherapy for breast cancer. This may be tem-
pered by the overall comparison between the groups being well
matched. There was some overlap of patients between the base-
line and Innovent populations, making a clean assessment of
program impact challenging. Only CRDCs and acute care oc-
curring during the respective timelines were included in the
analysis. We studied four populations: two within TXO for
comparison of acute care use and two in Texas, outside of TXO,
for evaluation of CRDCs. Because these latter two were identi-
fied within a claims database, limited clinical data were avail-
able. Although program study objectives were identified
prospectively, statistical analysis was conducted ad hoc.

In conclusion, Innovent was feasible to implement and de-
liver. Patients were identified and calls were delivered to assist
patients with management of toxicities as directed by the pri-
mary oncology physicians. Pathway adherence significantly im-
proved. A decrease occurred in ER visits, IPAs, and IPDs in
breast, colorectal, and lung cancer populations during PY1 and
PY2. These data suggest that Innovent contributed to fewer ER
visits and hospital admissions, shorter length of stay, overall cost
reduction, and a greater likelihood of patients receiving evi-
dence-based treatment.
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Appendix

Table A1. Acute Care Assessments (PY1 and PY2 separately)

Outcome Response Observed Average Predicted Count IRR P

PY1

Total ER visits .23*

Baseline 0.21 0.21 —

PY1 0.13 0.13 0.61

Total IPAs .84*

Baseline 0.34 0.34 —

PY1 0.32 0.32 0.95

Total IPDs .51*

Baseline 2.08 1.75 —

PY1 1.33 1.33 0.76

PY2

Total ER visits .014†

Baseline 0.21 0.21 —

PY2 0.10 0.10 0.47

Total IPAs‡ .011†

Baseline 0.38 0.40 1.77

PY2 0.19 0.23 —

Total IPDs‡ .009*

Baseline 2.08 2.04 —

PY2 1.01 0.64 0.31

Abbreviations: ER, emergency room; IPA, in-patient admission; IPD, inpatient day; IRR, incident rate ratio; PY, program year.
* Negative binomial regression analysis.
† Poisson regression analysis.
‡ Results after controlling for diagnosis.
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