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Abstract

Background—The experiences of patients with recurrent cancer are assumed to reflect those of
patients with de novo stage IV disease; yet, little is truly known because most registries lack
recurrence status. Using two databases with excellent recurrence and death information, we
examined determinants of survival duration after recurrence of breast (BC), colorectal (CRC), and
lung cancers (LC).

Methods—Recurrence status was abstracted from the medical records of patients who
participated in the Cancer Care Outcomes Research and Surveillance study and who received care
at two Cancer Research Network sites— the Colorado and Northwest regions of Kaiser
Permanente. The analysis included 1,653 patients who developed recurrence after completing
definitive therapy for stages I-111 cancer. Multivariable modeling identified independent
determinants of survival duration after recurrence, controlling for other factors.

Results—Through 60 months’ average follow-up, survival after recurrence for BC, CRC, and LC
were 28.4, 23.1 and 16.1 months, respectively. Several factors were independently associated with
shorter survival for all three cancers, including higher initial stage (111 vs. I: BC —9.9 months; CRC
-6.9 months; LC —7.4 months; £<.01). Factors associated with shorter survival for selected
cancers included: distant/regional recurrence for BC and CRC; current/former smoker for LC;
high grade for CRC; and <4-year time-to-recurrence for BC.

Conclusions—Initial stage predicts survival duration after recurrence, whereas time-to-
recurrence usually does not. The impact of biologic characteristics (e.g., grade, hormone-receptor
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status) on survival duration after recurrence needs further study. Predictors of survival duration
after recurrence may help facilitate patient decision-making.
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1. INTRODUCTION

Nearly all cancer deaths occur as a result of metastatic disease. In some patients, metastatic
disease is present when cancer is first diagnosed, but in many patients metastatic disease
represents recurrence that develops among patients previously treated for earlier stage
cancer. Most large data sets, including tumor registries, electronic medical records, and
health insurance claims, do not capture recurrence status. Consequently, much of what we
believe about metastatic cancer comes from patients with de novo stage 1V disease. We face
a dearth of population-based research on the patterns-of-care provided to and outcomes
experienced by patients with recurrent cancer.

Among patients with newly diagnosed non-metastatic cancer, the factors that predict
survival duration have been well described. Nevertheless, these same factors may not predict
survival duration from the point of recurrence for the subset of patients whose cancers recur.
While one may assume the experiences of patients with recurrent cancer mimic those of
patients with de novo stage 1V cancer, these experiences may differ for a number of reasons.
Patients with recurrence may have more aggressive disease, considering that their cancer
recurred despite prior therapy. Because of cumulative toxicity or dose limits, previously
administered treatments may not be an option at the time of recurrence. And the treatment
preferences of patients with recurrence could diverge from those with de novo stage IV
disease.

Few reliable determinants of survival duration for recurrent or de novo metastatic cancer
have been identified. Studies of locally recurrent breast cancer among patients initially
treated on National Surgical Adjuvant Breast and Bowel Project (NSABP) clinical trials
suggest that initial stage and time-to-recurrence influence outcomes.[1, 2] However, these
studies did not include patients with distant recurrence, and little is known about outcomes
after recurrence of other cancers. Investigators have looked at how treatments and
surveillance practices impact development of recurrence and/or survival from the initial
cancer diagnosis, but these studies usually did not focus on the events that followed
recurrence.[3-8] Several National Comprehensive Cancer Network studies and many
clinical trials have examined the association between patient features, tumor characteristics,
and/or treatment factors, on survival among patients with metastatic cancer. These analyses,
however, usually grouped patients with recurrent and stage 1V disease together.[9, 10], and
the treatments provided to and outcomes experienced by patients treated in these research
settings may not reflect those of patients treated in community settings.

Our goals were to use a unique pair of datasets that offered high-quality information on
cancer incidence, recurrence, and health services utilization to identify factors associated
with survival duration following recurrence of breast, colorectal, and lung cancers. We also
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described patterns-of-care among patients with recurrent cancer treated in community
settings.

2. MATERIALS and METHODS

2.1 Data Sources

The databases used in this analysis came from the Cancer Care Outcomes Research and
Surveillance (CanCORS) Consortium, and the Cancer Research Network (CRN). CanCORS
was a large, prospective, population and health-system based study of lung and colorectal
cancer patients diagnosed in 2003-2005.[11, 12] Data collected through CanCORS were
derived from multiple data sources through extensive medical records reviews and patient
surveys. The CRN (http://crn.cancer.gov/) is a consortium of large health care systems
affiliated with the Health Care Systems Research Network (HCSRN) and the National
Cancer Institute. Two CRN sites, whose certified tumor registrars collect high quality
recurrence data, contributed to this analysis: Kaiser Permanente Colorado, Denver, CO, and
Kaiser Permanente Northwest, Portland, OR. The CRN maintains a Virtual Data Warehouse
(VDW)[13] that links tumor registry data, diagnosis and procedure codes documented in an
EPIC®-based EHR, claims for services delivered by external contract providers, health plan
eligibility, and member demographic data.

Institutional Review Boards from the Dana-Farber/Harvard Cancer Center and the
participating CRN sites approved and provided oversight for the project.

2.2 Study Cohorts and Recurrence Status

All patients 1) were diagnosed with invasive, non-metastatic breast (BC), colorectal (CRC),
or lung (LC) cancer when =21 years old; 2) completed definitive local-regional therapy for
their initial cancer; 3) survived and were followed for at least 30 days after definitive
therapy; and, 4) subsequently experienced recurrence. Definitive local-regional therapy was
defined as organ-directed surgery appropriate for the specific cancer (i.e., mastectomy for
BC, colectomy for CRC, lobectomy for LC), with or without radiation therapy. For patients
with stage Illa lung cancer, receiving both chemotherapy and radiation therapy was also
considered definitive local-regional therapy. Patients with stage 1V BC and CRC, and stages
I11b-1V LC were excluded, as were those who developed recurrence or died before definitive
therapy or had another cancer diagnosis (Figure 1).

Presence of recurrence and date of recurrence were derived from the abstracted medical
record and/or tumor registry.[13, 14] Recurrent events were classified as “local only” or
“regional/distant”. Unless explicity stated, ‘recurrence’ herein refers to both types of events
(i.e., local and regional/distant). Vital status was ascertained from health plan records or
state and national death records. CanCORS patients were followed until death or study end
date (12/31/11). CRN patients were followed through death, health plan disenroliment, or
study end date (12/31/12).

Patient and disease characteristics were derived from survey and/or medical record
abstraction for CanCORS and from tumor registry data for CRN patients. Notably, income
was collected at the individual level for CanCORS and at the census block level for the

Cancer Epidemiol. Author manuscript; available in PMC 2018 August 01.


http://crn.cancer.gov/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hassett et al.

Page 4

CRN. A co-morbidity score was dervied using established methods[15-17], excluding
cancer diagnoses. Chemotherapy and radiation therapy treatments within 12 months
following the initial diagnosis and within 3 months following the recurrence were identified
using medical record data for CanCORS, and EHR procedure, pharmacy, and infusion files
for the CRN.[18]

2.3 Statistical Methods

First, we conducted a number of exploratory analyses to determine whether or not it was
appropriate to identify determinants for the pooled sample (i.e., CRN and CanCORS
together), rather than for the two datasets separately. As noted above, there were several
differences between the CanCORS and CRN data. First, CanCORS patients consented to
participate in a research study, whereas CRN patients received care at participating sites.
Second, CanCORS studied colorectal and lung cancers diagnosed 2003-2005, whereas the
CRN included colorectal, lung, and breast cancers diagnosed 2000-2011. Third, CanCORS
data were derived from manual medical record abstraction, whereas CRN data came mainly
from the electronic health records (EHR) of an integrated managed care consortium. We
found no significant differences for LC and CRC patients who received care in CanCORS
relative to those who received care in the CRN. Moreover, preliminary analyses conducted
separately by data source largely identified similar predictors of survival duration after
recurrence. In the models (described below) we added interaction terms between each
covariate and the data source and confirmed that there was no evidence of heterogeneity
between models containing versus models excluding these interaction terms. Since no
significant interactions between the data source and predictors were observed, we pooled the
samples and fit one multivariable model for each cancer type while controlling for data
source.

Restricted mean survival time (RMST) was chosen as the primary outcome because it does
not rely on assumptions regarding proportional hazards, and it generates clinically-relevant
effect estimates. For example, the RMST reports the mean number of months of survival
gained or lost when a relevant characteristic is present, whereas the Cox model produces a
hazard ratio which would have a different interpretation if the contorl population had an
average survival of 4 months compared to 24 months. The use of RMST as a primary
outcome has been adovacted by methodologists and is increasingly being used in cancer
clinical investigations.[19] Multivariable models predicted RMST through 60 months, to
focus on a clinically relevant time-point and facilitate comparisions between cancers. All
variables of interest (see Table 1) were included regardless of statistical significance. Two
predictors (chemotherapy and radiotherapy for recurrence) were subject to guaranteed time
bias, so models were restricted to patients who survived beyond the three-month landmark
time-point (the period during which these treatment were assessed). We did not intend to
conduct a formal comparative effectiveness study of treatments for recurrence, but rather to
adjust estimates of other predictors for treatments received and to explore estimates of the
treatment variables. Median survival and two-year survival probabilities were also reported
to facilitate comparability with other published literature.
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Patients were missing values as follows: income (12%); race/ethnicity (7%); tumor grade
(4%); marital status (9%); smoking status (9%); and hormone receptor (HR) status (43% of
the BC cohort). Multiple imputation by chained equations were used to impute missing
values separately by data source and cancer type. All statistical analyses were conducted
using Stata version 13.1 (StataCorp LP, College Station, TX). Pvalues <.05 were considered
significant.

3. RESULTS

The proportions of patients who developed recurrence after being treated for stage I1-111 BC,
CRC, and LC were 7%, 13%, and 27%, respectively, through median follow-ups of 57, 35,
and 25 months. Recurrent BC patients, all from the CRN, were relatively evenly distributed
across age groups (Table 1). Over half resided in neighborhoods with average annual
household incomes >$60,000. The majority had low comorbidity burden (modified
Charlson-Deyo index = 0). Receipt of chemotherapy and radiotherapy were more common
after the primary cancer (71% and 67%, respectively) than the recurrence (58% and 31%,
respectively). Approximately four-fifths (81%) of recurrences were regional/distant.

We identified 670 CRC and 478 LC recurrent patients from the CRN (54%) and CanCORS
(46%). Both cohorts were heavily distributed in the older age categories, with 46% of CRC
and 47% of LC age >70 years. Relative to BC patients, the income categories for LC and
CRC patients were more evenly distributed. The comorbidity burden was highest in LC (=2
for 33%), as was the likelihood of being a current/former smoker (80%). Receipt of
chemotherapy and radiotherapy for the primary cancer was 66% and 24%, respectively for
CRC; and 41% and 25%, respectively for LC. The vast majority of CRC and LC recurrences
were distant (93%). Receipt of chemotherapy and radiation therapy following recurrence
was 40% and 7% for CRC, and 33% and 26% for LC.

Among the subset of recurrent patients who died during the follow up-period, those with LC
had the shortest median time from diagnosis to recurrence (14 months), followed by CRC
(16 months), and BC (28 months). LC patients also had the shortest median time from
recurrence to death (7 months), compared with CRC (12 months), and BC (11 months)
patients. To facilitate comparability with other studies, estimates of survival duration
following recurrence are reported as RMST through 60 months, median survival, and 2-year
survival (Table 2). The RMST through 60 months was 28.4 months for BC, 23.1 months for
CRC, and 16.1 months for LC. Higher unadjusted RMST was noted for BC patients with
HR positive disease and greater time to recurrence, and for LC patients with higher incomes
and those who never smoked. RMST was inversely related to the comorbidity score, stage at
diagnosis, and grade at diagnosis for all cancers. Kaplan-Meier plots depict survival from
recurrence stratified by type of recurrence, stage of primary, and time from primary to
recurrence (Figure 2).

Multivariable models identified three factors independently associated with inferior RMST
after recurrence for all three cancers (Table 3). The coefficient value listed for each
characteristic represents the number of additional months of survival gained or lost if that
characteristic was present, relative to the reference group for that covariate. Older patients
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had shorter RMST, with the effect being most pronounced in CRC (-0.3 months/year; /<.
01). Patients with a higher comorbidity burden (2+ vs. 0) experienced inferior outcomes,
with the largest decline in BC (-10.0 months; £=0.01). Patients initially diagnosed with
stage 11 (vs. stage 1) cancer had shorter RMST, with reductions of 10.3 months in BC, 6.8
months in CRC, and 7.5 months in LC (F< 0.02 for each cancer).

A number of factors were independently associated with RMST in some, but not all cancers.
Having distant/regional (vs. local) recurrence had the largest negative effect on RMST, but it
only impacted patients with BC (=19.1 months; A<.01) and CRC (-23.0 months; A<.01).
Longer time from primary cancer to recurrence was not significantly associated with longer
RMST for any cancer, though a borderline result of longer survival was observed among BC
patients when the time interval was >4 years (+8.8 months; £=0.06). Having high (vs. low/
intermediate) grade cancer was associated with inferior RMST after recurrence for CRC
(=5.7 months; A<.01), but not BC or LC. Neither chemotherapy nor radiation therapy was
significantly associated with RMST, whether given after the primary diagnosis or the
recurrence, except that radiation after CRC recurrence was associated with shorter RMST
(-9.5 months; A<.01).

We conducted several sensitivity analyses (data not shown). Models excluding predictors
subject to guaranteed time bias (i.e., chemotherapy and radiation after recurrence), and
models predicting RMST through maximal follow-up (84 months for BC, 96 months for
CRC, and 72 months for LC) demonstrated similar results. Also, restricting the BC cohort to
patients diagnosed after 2003—to exclude patients with unknown HR status—found no
significant association between HR status and survival duration after recurrence.

4. CONCLUSIONS

To better understand the treatments provided to and outcomes experienced by patients with
recurrent cancer, we studied 1,653 patients who developed recurrence after having had
treatment for non-metastatic BC, CRC, or LC. The median time from primary cancer to
recurrence was approximately twice as long for BC patients compared to those with CRC
and LC. The median overall survival after recurrence was longest for BC and CRC, followed
by LC patients. Local recurrences were uncommon, especially for CRC and LC. Notably,
BC and CRC, but not LC patients, experienced better survival after local versus regional/
distant recurrence. Initial stage was the only pre-recurrence characteristic significantly
associated with survival after recurrence for all three cancers. While previous studies have
demonstrated that stage is negatively associated with survival following the initial diagnosis,
we are not aware of studies showing that stage predicts survival after the development of
recurrence across cancer types. Only BC patients experienced better outcomes when time-to-
recurrence was longer, and this benefit was only seen among patients with a time to
recurrence >4 years.

Grade, a generally accepted prognostic factor for newly-diagnosed cancer patients, was only
associated with longer survival after recurrence for CRC, but not BC or LC patients.
Unexpectedly, HR status was not associated with longer survival after BC recurrence when
controlling for other factors. Our sample sizes may have been insufficient to detect a
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significant benefit for HR status. Alternatively, the survival benefit associated with HR
positivity may be less substantial for patients with recurrent versus de novo metastatic breast
cancer, perhaps because recurrent patients previously received anti-estrogen therapy. These
findings help address the need for reliable determinants of survival for patients with
recurrent cancer. Still, additional studies should explore the extent to which tumor biology,
extent of disease, host-tumor interactions, or other factors may help predict survival after
recurrence.

Chemotherapy after recurrence was less common than chemotherapy after the primary
cancer diagnosis, and most common for patients with BC (BC 58%, CRC 40%, and LC
33%). Radiation after recurrence was observed in approximately one-quarter of BC and LC,
but only 7% of CRC patients. Few studies have assessed the care provided to or outcomes
experienced by patients with recurrent disease, but a number have used SEER data to study
patients with de novo stage IV metastatic cancer. For example, among patients with stage IV
BC, use of chemotherapy was seen in 52%, two-year overall survival was 40-46%, and
median survial was 23 months.[20, 21] In metastatic CRC, 41% received chemotherapy, and
the 2 year survival rate was approximately 22%.[22—-24] For stage 1V lung cancer,
approximately 30% got chemotherapy, and the 2 year survival rate was <10%.[25-28]
Observing that the patterns of care from our study are similar to the patterns of care for
patients with de novo stage IV cancer described by prior studies suggests that receipt of
prior therapy had little impact on treatment for recurrence. However, we were not able to test
this hypothesis directly, because our cohort only included patients with recurrent metastatic
cancer. In light of observations that clinical trial results for patients with advanced cancer
may overestimate outcomes observed in SEER, [29] future studies should assess the extent
to which treatment effectiveness and survival differ for patients with recurrent versus stage
IV cancer.

Our analysis was not designed to compare the effectiveness of different treatment strategies
for patients with recurrent cancer. However, exploratory analyses demonstrated that neither
systemic therapy for the initial diagnosis nor systemic therapy for the recurrence was
associated with inferior survival after recurrence. These findings reinforcing the long-held
belief that the primary goal of chemotherapy for recurrence is palliation. They also suggest
that systemic therapy for an initial diagnosis does not impact survival duration from the
point at which recurrent disease develops. That said, chemotherapy for an initial non-
metastatic diagnosis could still prolong survival among patients who eventually experience a
recurrence by delaying the time until recurrence develops.

While the methods used to determine who had recurrence were exhaustive, some recurrences
could have been missed. Some important covariates lacked complete data (e.g., HR status
for BC), potentially limiting the power to detect an association between HR status and
survival after recurrnece. The CRN was the only source of data for patients with recurrent
BC; reassuringly, analyses of CRC and LC patients found no meaningful differences in
outcomes between the CanCORS and CRN sampels. Our analysis focused on treatments
administered within 3 months of recurrence, so there could have been under-reporting or
censoring of treatments for recurrence after 3 months. Some data collection methods
differed (e.g., smoking was collected from a patient survey in CanCORs and from the
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medical record in the CRN), but we believe these differences bear little weight on the
primary findings. Lastly, our sample only included patients who had enrolled in CanCORS
or received care in the capitation-based Kaiser Permanente network.

Comparing data for cancer incidence and cancer mortality, the number of patients who die
from cancer far exceeds the number diagnosed with stage IV disease.[30, 31] Cancer deaths
not caused by stage 1V disease must be attributable to recurrence. For some cancers, such as
BC, the death rate is falling as the incidence of stage IV disease remains steady, [31, 32]
suggesting that the incidence of recurrent disease is falling. If so, then the nature of recurrent
cancer, including the extent to which it behaves like de novo stage 1V disease, may be
changing over time. We have tried to fill in some gaps regarding recurrent cancer, but
important questions remain. If substantial differences between recurrent and stage 1V cancer
do exist, they could impact prognostic estimates, treatment choices, and the way clinical
trials are designed. We recommend that population-based tumor registries devote resources
to identifying patients who develop recurrence to facilitate future analyses of this clinically
important population.
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. Initial stage predicts survival after cancer recurrence
. Time-to-recurrence is not a consistent determinant of survival after recurrence
. Predictors of survival after recurrence may help facilitate patient decision-

making
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DATA SOURCES |—>| CRN | | CanCORS |
Stages I-lll Stages I-lll Stages I-llla Stages I-lll Stages I-
INITIAL DIAGNOSIS Breast Cancer Colorectal Cancer Lung Cancer Colorectal llla Lung
Cancer Cancer
Primary cancer
diagnosed 2000-2011 | ‘ | | ’ ‘ 1556
(CRN), 2003-2005 —> 6,997 3,074 1,495 2,502 )
(CanCORS)

Definitive local therapy
within 365 days after |—>| 6784 ’ 2,872 ‘ | 802 | | 2401 | | a7 |

initial diagnosis

Recurrence — 505 360 200 [ 310 H 278 |

Figure 1. Flow diagram of breast, colorectal and lung cancer patients from the CRN and
CanCORS who were included in this analysis

For the Cancer Research Network (CRN) cohort, inclusion criteria included: first cancer
diagnosis only (i.e., no previous cancer diagnosis), enrolled in one of two participating CRN
institutions at diagnosis, and at least age 21 at diagnosis. For the Cancer Care Outcomes
Research and Surveillance Consortium (CanCORS) cohort, inclusion criteria included:
CanCORS participant, first cancer diagnosis only (i.e., no previous cancer diagnosis), at
least age 21 at diagnosis, and both baseline interview and medical record abstraction data
were available. CanCORS only enrolled colorectal and lung cancer patients so did not
contribute breast cancer patients to this analysis. Patients from Kaiser Permanente Northwest
who enrolled in CanCORS were excluded from the CanCORS cohort, because they were
part of the CRN cohort. All patients must have had stage I-111 cancer (excluding stage 111b
lung cancer) treated with definitive local therapy within 365 days after the initial cancer
diagnosis. Also, patients must have been followed for >1 day after recurrence (only one
patient, from the CRN with colorectal cancer, was excluded due to lack of follow-up after
recurrence).
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Figure 2. Kaplan-Meier plots of overall survival following recurrence through 60 months of
follow-up for patients with breast (panel A), colorectal (panel B), and lung (panel C) cancer

Outcomes were stratified by type of recurrence (local vs. distant/regional) in panels A1-C1;
stage at initial cancer diagnosis (I, I, and 1) in panels A2—C2; and time from initial cancer
diagnosis to recurrence (0 to 1, >1 to 2, >2 to 4, and >4 years) in panels A3-C3.
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