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Abstract

Background: Medical interventions are an important component of the illness experience in advanced cancer.
Objective: To describe the use of medical interventions between diagnosis and death in decedents with met-
astatic lung and colorectal cancer.
Design: Retrospective analysis of a prospective cohort study.
Setting/Subjects: We studied 1,840 decedents from the Cancer Care Outcomes Research and Surveillance
(CanCORS) study. Subjects had been diagnosed with stage IV lung or colorectal cancer between 2003 and
2005.
Measurements: Hospitalizations, surgeries, radiation therapy treatments, chemotherapy treatments, and end-of-
life care, reported by tertile of overall survival time.
Results: Median survival in the bottom, middle, and top tertiles of survival was 1.2, 5.3, and 15.3 months for
lung cancer, and 3.0, 18.0, and 44.4 months for colorectal cancer. Hospitalizations, chemotherapy receipt, and
hospice enrollment increased with increasing survival. The median duration of chemotherapy in the top survival
tertile was 149 days for lung cancer and 498 days for colorectal cancer. A minority of decedents used any
hospice services, and the median duration of hospice enrollment exceeded 30 days only for enrollees in the top
survival tertile (lung cancer, 35 days; colorectal cancer, 66 days).
Conclusions: For patients with metastatic lung and colorectal cancer, longer survival is associated with in-
creased intensity of medical care, characterized by greater use of chemotherapy and acute hospital care. Hospice
utilization was uniformly low, and most hospice enrollees were referred to hospice in the last 30 days of life.

Introduction

Advanced-stage epithelial cancers are incurable,
with rare exception.1,2 For this reason, anticancer

treatments for most patients with advanced solid tumors
should serve the goal of maximizing both the length and
quality of a patient’s remaining lifespan.3 These goals are
often in conflict with each other—in seeking to prolong
their lives, patients accept treatments that may diminish
their quality of life.4 Ultimately, patients must rely on their
physician-led care team to help them interpret the balance of

risks, side effects, and potential benefits associated with an-
ticancer treatments and interventions.5

For patients, medical interventions represent a substantial
and sometimes burdensome component of living with ad-
vanced cancer. Medical interventions contribute to patient
experience in at least three ways. First, medical treatments are
intended to provide relief from cancer-related symptoms. In-
escapably, however, medical interventions require large
amounts of time that must be spent in hospital and clinic en-
vironments, instead of at home or in the workplace. Last, the
side effects of cancer treatment often become a prominent
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component of living with advanced cancer, including ‘‘finan-
cial toxicity’’ associated with out-of-pocket treatment costs.6

While some studies have examined the burdens associated
with cancer care received in the last days or weeks of life,7–9

there is a paucity of research describing the longitudinal
experience of patients with advanced cancer between diag-
nosis and death. We studied the receipt of medical inter-
ventions as experienced by patients with stage IV lung and
colorectal cancer in the Cancer Care Outcomes Research and
Surveillance (CanCORS) study cohort10 and report detailed
information regarding the timing and frequency of surgeries,
chemotherapy, radiation treatments, hospital admissions, and
other clinical events.

Patients and Methods

The CanCORS study enrolled approximately 10,000 pa-
tients diagnosed with lung or colorectal cancer between 2003
and 2005. Patients were enrolled from 5 geographic regions
(Northern California, Los Angeles County, North Carolina,
Iowa, or Alabama), 5 participating integrated delivery sys-
tems, and 15 Veterans Affairs Medical Centers (VA).10,11

Each site identified incident cancer cases using a compre-
hensive rapid case ascertainment protocol. The study was
approved by the human subjects committees at all partici-
pating institutions. Analyses utilized CanCORS core data
version 1.17, medical record abstraction data versions 1.12
(CanCORS I) and 1.2 (CanCORS II), and patient interview
data versions 1.12 (CanCORS I) and 1.0 (CanCORS II).

We studied patients with lung and colorectal cancer who
had stage IV (metastatic) cancer at the time of initial diag-
nosis. Because we sought to describe medical care delivered
between cancer diagnosis and death, we limited our analysis
to patients who were known to have died within the medical
record abstraction period; patients who survived beyond the
abstraction period or who were lost to follow-up were ex-
cluded. Follow-up with medical record abstraction was
complete until death or 2 years from diagnosis for 88% of
patients in the parent cohort (92% of lung and 79% of colo-
rectal cancer patients). Figure 1 shows details of cohort se-
lection; the final cohort included 1,386 decedents with stage
IV lung cancer and 454 decedents with stage IV colorectal
cancer.

Data collection

Outcomes collected include overall survival from diagnosis;
frequency and timing of hospitalization, chemotherapy, radia-
tion therapy, or primary cancer site-directed surgery; informa-
tion on clinical trial participation; and the first incidence of any
documented end-of-life (EOL) discussion,12 do-not-resuscitate
(DNR) order, intensive care unit (ICU) admission, or hospice
enrollment. All outcomes were determined from medical record
abstraction.

Medical record abstraction in the original CanCORS pro-
tocol was carried out for the interval beginning 3 months
before cancer diagnosis and continuing until death or 15
months after diagnosis, whichever came first. For patients
surviving beyond 15 months after diagnosis, additional
medical record abstraction was subsequently carried out
under the CanCORS II protocol. Medical records from hos-
pitals, radiation treatment facilities, and medical offices were
abstracted using a standardized protocol. The length of the

abstraction period varied between participating sites, but
continued until at least October 2010. All outcomes reported
here were assessable from both data collection rounds, and
care was taken to exclude duplicate reporting of events that
were represented in both data sets.

Medical record abstraction included start dates and end
dates for chemotherapy treatments, radiation courses, and
acute care episodes. Chemotherapy regimens were considered
to be distinct when new chemotherapy agents were started or
when there was a break of 6 weeks or longer between che-
motherapy administrations. Continuation of a treatment regi-
men with reduction in intensity (e.g., by discontinuation of
oxaliplatin from FOLFOX treatment) was not considered a
distinct treatment regimen. The duration of a chemotherapy

FIG. 1. Cohort assembly diagram. aDeceased according to
query of plan records for managed care sites (CRN and VA) or to
linkage to national death records (all other sites). CanCORS,
Cancer Care Outcomes Research and Surveillance; CRN, Can-
cer Research Network; VA, Veterans Affairs Medical Center.
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regimen was calculated as the time elapsed between the first
and last days of treatment.

Statistical analyses

Results are presented separately by cancer site and are further
stratified by tertile of overall survival time. Because our goal was
to provide information that would reflect the range of experi-
ences for patients diagnosed with advanced cancer, survival
tertiles were calculated based on the survival trends observed in
the parent cohort of all CanCORS patients diagnosed with ad-
vanced cancer who had any available medical record abstraction
data (including both decedents and patients who survived be-
yond the 5-year medical record abstraction period). Assessment
of the timing and frequency of medical interventions was limited
to the primary analysis population of decedents with complete
medical record abstraction from diagnosis to death (Fig. 1).

Associations between patient factors and survival tertile
were assessed using v2 tests. Statistical analyses were con-

ducted using Stata version 11.2 (StataCorp LP, College Sta-
tion, TX).

For chemotherapy receipt, radiation therapy, surgery, and
hospital admission, we calculated the median time from diag-
nosis to intervention start and, where applicable, the median
duration of time for the intervention (e.g., chemotherapy,
hospitalizations). For radiation therapy, chemotherapy, and
hospitalizations, data are reported for the initial intervention as
well as for subsequent interventions (e.g., second-line chemo-
therapy). For the other outcomes (EOL discussions, DNR or-
ders, ICU admissions, and hospice enrollment) comprehensive
medical record abstraction data were available only on the first
instance of the outcome. In general, the timing of an outcome is
shown when at least 10% of the subset of interest experienced
that outcome. For hospitalization, chemotherapy, radiation
therapy, and hospice we also report the percentage of life
(between cancer diagnosis and death) over which these inter-
ventions occurred. We performed a sensitivity analysis to as-
sess the impact of our decision to include only decedents in the

Table 1. Demographic Characteristics of Decedents with Stage IV Lung and Colorectal Cancer,

Stratified by Tertiles of Survival Time

Lung cancer Colorectal cancer

Bottom tertile Middle tertile Top tertile Bottom tertile Middle tertile Top tertile
n = 489 n = 485 n = 412 p n = 196 n = 163 n = 95 p

Survival (months)a

Median 1.2 5.3 15 3.0 18 44
Range 0.03, 2.7 2.7, 9.4 9.4, 99 0.03, 10 11, 31 31, 95

Age at diagnosis <0.001 <0.001
21–54 47 (10) 59 (12) 59 (14) 31 (16) 44 (27) 31 (33)
55–64 106 (22) 135 (28) 115 (28) 33 (17) 46 (28) 29 (31)
65–74 146 (30) 180 (37) 137 (33) 53 (27) 43 (26) 22 (23)
75+ 190 (39) 111 (23) 101 (25) 79 (40) 30 (18) 13 (14)

Gender 0.25 0.046
Male 298 (61) 317 (65) 250 (61) 101 (52) 100 (61) 62 (65)
Female 191 (39) 168 (35) 162 (39) 95 (48) 63 (39) 33 (35)

Race/ethnicityb 0.67 0.34
Non-Hispanic white 373 (76) 379 (78) 304 (74) 127 (65) 98 (60) 54 (57)
Non-Hispanic black 43 (9) 49 (10) 47 (11) 35 (18) 37 (23) 17 (18)
Other 73 (15) 57 (12) 61 (15) 34 (17) 28 (17) 24 (25)

Comorbidity 0.01 0.11
None 85 (17) 87 (18) 95 (23) 50 (26) 54 (33) 33 (35)
Mild 173 (35) 182 (38) 163 (40) 75 (38) 63 (39) 34 (36)
Moderate 105 (21) 111 (23) 90 (22) 35 (18) 28 (17) <25
Severe 126 (26) 105 (22) 64 (16) 36 (18) 18 (11) <10

HMO 0.24 0.14
No 351 (72) 367 (76) 293 (71) 136 (69) 126 (77) 64 (67)
Yes 138 (28) 118 (24) 119 (29) 60 (31) 37 (23) 31 (33)

Study site <0.001 0.001
CRN 90 (18) 66 (14) 65 (16) 29 (15) 24 (15) 17 (18)
Northern California 94 (19) 103 (21) 91 (22) 62 (32) 35 (21) 24 (25)
Alabama 50 (10) 56 (12) 64 (16) 24 (12) 38 (23) 19 (20)
Los Angeles county 93 (19) 78 (16) 41 (10) 49 (25) 23 (14) 15 (16)
Iowa 130 (27) 126 (26) 92 (22) — — —
North Carolina — — — <25 20 (12) <25
VA 32 (7) 56 (12) 59 (14) <10 23 (14) <10

Tertiles have unequal numbers of patients because tertile boundaries were calculated from the survival times of all patients with known
vital status and any medical record abstraction data. Select cells frequencies are shown as <10 or <25 patients so that cells with <10 patients
are masked.

aSurvival from diagnosis.
b8% of lung and 5% of colorectal cancer patients were Hispanic; and 6% of lung and 5% of colorectal cancer patients were Asian.
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primary analysis population; in that analysis, we compared the
timing and frequency of medical interventions in the primary
analysis population with the findings from the parent cohort
that included long-term survivors in addition to decedents.

Results

Demographic characteristics and median survival for de-
cedents with stage IV lung and colorectal cancer are shown in
Table 1, stratified by tertile of overall survival. Median sur-
vival from cancer diagnosis exceeded 1 year for patients with
lung cancer in the top tertile of survival (15 months) and for
patients with colorectal cancer in the middle and top tertiles

of survival (18 and 44 months, respectively). Demographic
factors associated with differences across survival tertiles
included age (in both lung and colorectal cancer cohorts;
younger age associated with longer survival), study site (both
cohorts), and comorbidity (lung cancer cohort only; fewer
comorbidities associated with longer survival). Gender, race/
ethnicity, and HMO participation were not significantly as-
sociated with overall survival. We examined multivariable
models using the characteristics in Table 1 as predictors for
the tertile of survival, but the predictive ability of these
models was poor (data not shown).

Table 2 shows the number of days and the corresponding
percentage of life (from cancer diagnosis to death) spent

Table 2. Total Days and Percentage of Life Spent in Hospital, Receiving Chemotherapy, Receiving

Radiation Therapy, or Hospice for Decedents with Stage IV Lung and Colorectal Cancer

Bottom tertile Middle tertile Top tertile

Lung cancer
Hospitalization

- Median days (IQR) 0 (0, 6) 5 (0, 13) 5 (0, 14)
- % of life, median (IQR) 0 (0, 15) 3 (0, 9) 1 (0, 3)

Chemotherapy
- Median days on treatment (IQR) 0 (0, 1) 37 (0, 86) 149 (59, 280)
- % of life on treatment, median (IQR) 0 (0, 1) 25 (0, 49) 32 (10, 50)
- % participating in a clinical triala 0.8 4 9

Radiation therapy (to any site)
- Median days (IQR) 0 (0, 12) 13 (0, 27) 15 (0, 38)
- % of life, median (IQR) 0 (0, 25) 7 (0, 19) 3 (0, 7)

Hospice, all patients
- Median days (SD) 0 (0, 4) 0 (0, 9) 0 (0, 31)
- % of life, median (IQR) 0 (0, 13) 0 (0, 6) 0 (0, 6)
- % receiving any hospice care 32 35 44

Hospice, among patients receiving hospice
- Median days (SD) 11 (4, 23) 21 (7, 52) 35 (16, 103)
- % of life, median (IQR) 44 (15, 72) 13 (5, 42) 7 (3, 21)

Colorectal cancerb

Hospitalization
- Median days (IQR) 3 (0, 9) 12 (3, 23) 12 (6, 27)
- % of life, median (IQR) 2 (0, 9) 2 (0, 4) 1 (0, 2)

Chemotherapy
- Median days on treatment (IQR) 0 (0, 36) 233 (111, 342) 498 (316, 756)
- % of life on treatment, median (IQR) 0 (0, 26) 42 (20, 63) 42 (24, 55)
- % participating in a clinical triala 3 11 18

Hospice, all patients
- Median days (SD) 0 (0, 0) 0 (0, 13) 0 (0, 39)
- % of life, median (IQR) 0 (0, 0) 0 (0, 2) 0 (0, 3)
- % receiving any hospice care 24 34 43

Hospice, among patients receiving hospice
- Median days (IQR) 16 (6, 29) 28 (12, 73) 66 (13, 103)
- % of life, median (IQR) 21 (8, 41) 5 (2, 13) 5 (1, 9)

aClinical trial participation during any line of chemotherapy.
bRadiation therapy figures are omitted for colorectal cancer, due to low rates of radiation use in this group.
IQR, interquartile range; SD, standard deviation.

FIG. 2. Frequency and timing of medical interventions in patients with lung cancer. A–C: Outcomes for patients in the
bottom, middle, and top tertile of survival, respectively, are shown. Timing (with respect to cancer diagnosis) is shown for
events that occurred in at least 10% of patients. Percentages indicate the proportion of patients experiencing each event.
Circles connected by bars indicate the median start date and median duration for chemotherapy treatment lines, radiation
therapy courses, and hospitalizations. Diamonds indicate the median time to occurrence for other discrete events, and the
median time to death is marked with an ‘X’. Due to scale, only the start date of hospitalization is indicated in (C). RT,
radiation therapy; EOL, end-of-life; DNR, do-not-resuscitate order; ICU, intensive care unit admission.
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receiving inpatient hospital care, chemotherapy, radiation
therapy, and hospice care. The median number of hospital
days was least for decedents in the bottom tertile of survival,
and was similar for the middle and top tertiles (for both lung
and colorectal cancer). The percentage of life spent in the
hospital was 3% or less for all strata. The median number of
days on chemotherapy treatment increased with increasing
survival. A minority of patients in the bottom tertile of sur-
vival received any chemotherapy (for both lung and colo-
rectal cancer), while patients in the top tertile of survival were
on active chemotherapy treatment for a median of 149 and
498 days in the lung and colorectal cancer cohorts, respec-
tively. The percentage of life on chemotherapy treatment was
similar for both the middle and top tertiles of survival (25%
versus 32% of life after diagnosis for lung cancer, and 42% of
life in both groups for colorectal cancer). Clinical trial par-
ticipation rates increased with increasing survival in both
cancer cohorts, ranging from 0.8% of patients with lung
cancer in the bottom survival tertile to 18% in patients with
colorectal cancer in the top survival tertile. A minority of
decedents in each cohort received any hospice care (37% in
the lung cancer cohort and 32% in the colorectal cancer co-
hort). Among those who did receive hospice care, the abso-
lute number of days on hospice increased with increasing
survival, but the percentage of life after diagnosis spent re-
ceiving hospice care declined across tertiles.

Figures 2 and 3 illustrate the sequence, timing, and dura-
tion of health care interventions in patients with advanced
lung and colorectal cancer, stratified by survival group.
Events occurring in at least 10% of patients within each
survival stratum are shown, along with the median time of
occurrence for those events.

For decedents in the lung cancer cohort, rates of thoracic
surgery were low across all survival strata (less than 10% in
the bottom and middle tertiles, and 12% in the top tertile).
Rates of first-line chemotherapy receipt increased from 25%
in the bottom tertile to 71% and 86% in the middle and top
tertiles. The median duration of first-line chemotherapy also
increased across tertiles, as did the usage of second and later
lines of chemotherapy. Thirty-four percent of decedents in
the top survival tertile received at least three separate courses
of chemotherapy, but less than 4% of treatments received in
third or subsequent lines of treatment were administered
within a clinical trial (data not shown). The number of hos-
pitalizations also increased across tertiles.

For decedents in the colorectal cancer cohort, rates of
cancer-directed colorectal surgery were high, and increased
with increasing survival (67%, 78%, and 85% in the bottom,
middle, and top tertiles). Surgery dates were clustered around
the time of cancer diagnosis. Forty-two percent of decedents
in the bottom survival tertile received first-line chemother-
apy, compared with 90% and 97% in the middle and top
tertiles. Less than 10% of patients with colorectal cancer in
the bottom survival tertile received second-line chemother-

apy. The percentage of patients receiving second-line che-
motherapy regimens was 66% and 92% in the middle and the
top tertiles; corresponding figures for third-line chemother-
apy were 37% and 74%. Across all survival tertiles, 9% of
third and subsequent lines of treatment were administered
within a clinical trial (data not shown). The median numbers
of hospitalizations per patient in the colorectal cancer cohort
were one, two, and two (for the lowest, middle, and top ter-
tiles), and the percentage of patients with two or more hos-
pitalizations increased with increasing survival.

In both cohorts and across all tertiles of survival, a majority
of patients had discussions with physicians about EOL care
planning (52%–70%). EOL discussions were followed in
time by DNR orders and then hospice referral for a minority
of patients in all strata. The sensitivity analysis—which
included long-term survivors in addition to decedents—
showed qualitatively similar patterns of medical interven-
tions compared with the decedent-only analysis, with modest
changes in estimates for rates of medical interventions among
patients in the top tertile of survival (data not shown).

Discussion

We used data from the population- and health-system
based CanCORS study to describe the medical care that is
typical for patients with advanced lung and colorectal cancer
between diagnosis and death. Survival outcomes in patients
with advanced cancer are known to be heterogeneous,13 and
our findings demonstrate that patients in different strata of
advanced cancer survival also receive distinct patterns of
medical care.

Our findings highlight several issues that deserve further
consideration. First, use of any hospice care was infrequent,
despite broad acceptance of the benefits of hospice care
among U.S. specialty societies.14,15 EOL discussions and
hospice use showed only modest variation across prognostic
groups, with a greater prevalence of EOL discussions in pa-
tients with shorter survival, but greater hospice use among
patients with longer survival. It is particularly striking that
hospice use was not greater among patients with the shortest
survival, of whom only 32% (lung cancer) and 24% (colo-
rectal cancer) received any hospice care. Although there is no
defined optimal rate of hospice utilization, use of hospice
among less than one-third of patients in the lowest tertile of
survival suggests an opportunity for improved supportive
care in patients presenting with poor-prognosis cancer.

Second, our study findings confirm that patients who live
longer receive more medical interventions, including more
cancer treatment (especially chemotherapy) and more inpa-
tient hospitalizations. It is likely that patients benefit sub-
stantially from many of these interventions. However, the
number of chemotherapy regimens received by some patients
suggests that that at least some of these regimens are not
evidence-supported and are likely to be of limited or no

FIG. 3. Frequency and timing of medical interventions in patients with colorectal cancer. A–C: Outcomes for patients in
the bottom, middle, and top tertile of survival, respectively, are shown. Timing (with respect to cancer diagnosis) is shown
for events that occurred in at least 10% of patients. Percentages indicate the proportion of patients experiencing each event.
Circles connected by bars indicate the median start date and median duration for chemotherapy treatment lines and
hospitalizations. Diamonds indicate the median time to occurrence for other discrete events, and the median time to death is
marked with an ‘X’. Due to scale, only the start date of hospitalization is indicated in (B) and (C). EOL, end-of-life; DNR,
do-not-resuscitate order; ICU, intensive care unit admission.
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benefit. Examples of treatments with uncertain benefit in-
clude the 17% of lung cancer patients in the top survival
tertile who received four or more distinct chemotherapy
regimens, and the 35% of colorectal cancer patients who
received five or more chemotherapy regimens. Treatments
received within a clinical trial represented a small proportion
(<10%) of these late-line chemotherapy regimens.

Third, we found that clinical trial participation in any line
of chemotherapy was infrequent and was skewed toward
patients in the longer survival groups. In the lowest survival
tertile, 0.8% and 3% of patients with lung and colorectal
cancer participated in clinical trials at any point during their
care, compared with 9% and 18% of patients in the highest
survival tertile. Prior research has shown even lower rates of
clinical trial participation in population-based cohorts,16

however, improving access to and participation in clinical
trials is a critical goal for enhancing the efficacy of advanced
cancer treatment.

Fourth, we found high rates of surgery in patients with
metastatic colorectal cancer. More than 75% of patients with
colorectal cancer had colorectal surgery, regardless of survival
duration. Some of these surgeries were undoubtedly necessi-
tated by tumor obstruction or perforation. Nevertheless, the
proportion of patients receiving colorectal surgery is higher
than had been previously reported from population-based
sources.17 There are no prospective studies to support a benefit
from colectomy in patients with uncomplicated primary co-
lorectal tumors, and the role of surgery in patients with met-
astatic colorectal cancer is controversial,18–20 and clinical
experience has shown that patients who do not receive upfront
surgery infrequently require subsequent symptom-directed
intervention.21

Our study’s strengths include the large, population-based
cohort of patients with advanced lung and colorectal cancer,
who are representative of patients diagnosed with these
cancers.11 Interpretation of our data is limited in a number
of ways. Our primary analysis included only decedents,
whose patterns of care could be observed over the entire
trajectory between cancer diagnosis and death. Therefore,
our data do not reflect medical interventions received by
patients who were diagnosed with stage IV disease but re-
mained alive beyond the time period for which data were
available. Nevertheless, a sensitivity analysis that included
long-term survivors with available data showed patterns of
care that were similar to those observed in the primary
analysis. While our study describes medical care that is
typical in patients with advanced cancer, these observa-
tional data do not allow us to define optimal care. In addi-
tion, the benefits of cancer treatment for patients with
incurable disease are measured not only by survival, but also
by symptom palliation22,23 and the psychological benefit of
efforts to treat the disease.24

Although others have evaluated advanced cancer care by
focusing on interventions delivered at the end of life,7–9

patients and clinicians must make many critical decisions
before those final days. Patients with advanced cancer may be
profoundly affected by interventions provided months or even
years before death. The benefits of early integration of palli-
ative care in patients with stage IV lung cancer have been
demonstrated in a randomized clinical trial,25 emphasizing the
importance of prospective, patient-centered care. Measures to
evaluate the quality of care for patients with incurable cancer

should consider patient experiences throughout their disease
trajectory, from diagnosis to death.

In summary, we sought to describe typical patterns of
cancer-directed therapy received by patients with metastatic
lung and colorectal cancer between diagnosis and death. This
perspective is forward-looking and clinically relevant,26

providing a range of estimates of the burdens associated with
advanced cancer treatment. These data can be used to help
patients make more informed decisions about treatment of
advanced cancer.
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