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Abstract
In previous work, we established interference-based cut-points to differentiate moderate from mild,
and severe from moderate levels of severity for 16 symptoms as reported by cancer patients
undergoing chemotherapy. This work examines how consistent the differentiation is over time. If
the levels of severity successfully differentiate interference scores over time, then anchor-based
categories can be developed to evaluate patients’ responses to the intervention. To test the
differentiation of the interference scores by the three severity categories, data from two symptom
management trials were used. Five hundred ninety-nine patients were queried at each of the six
contacts that occurred over eight weeks as to the severity of each of 16 symptoms on the scale from
0 (not present) to 10 and the extent to which each symptom interfered with enjoyment of life,
relationships with others, general daily activities and emotions. Longitudinal models that related
interference scores to severity levels of symptoms were used. Differences among adjusted mean
interference scores for mild, moderate and severe levels were tested at each contact. Differences
among interference-based severity categories were consistent over time and clinically important, and
thus can be used to anchor changes in symptom severity.
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Introduction
This research team drew on work by Cleeland and colleagues [1–3], who incorporated the
assessments of both severity and interference of symptoms with general activity, mood,
enjoyment of life, social relationships, walking ability and normal work into their instruments
(Brief Pain Inventory, Brief Fatigue Inventory and M. D. Anderson Symptom Inventory). Cut-
points separating mild from moderate and moderate from severe levels of pain [4–7] and fatigue
[2] have been identified based on the increases in the levels of interference associated with
successive increases in severity. This methodology has been extended to 16 cancer-related
symptoms reported by patients undergoing chemotherapy [8]. The resulting interference-based
cut-points differed by symptom. For depression, the cut-point between moderate and severe
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was between 3 and 4 (3 marking moderate depression, and 4 severe); for pain, fatigue,
weakness, cough, and difficulty remembering, the cut-point was between 4 and 5; and for the
remaining symptoms, cut-points at 6 or 7 separated moderate from severe. The cut-points were
obtained using data from two trials of symptom management interventions (n=588) at the initial
contact prior to the delivery of any intervention strategies [8].

This paper extends prior work of this team by examining the performance of cut-points over
time, across six contacts covering an eight-week symptom management intervention. The 16
targeted symptoms described in previous work [8], including alopecia, anxiety, poor appetite,
constipation, cough, depression, diarrhea, dry mouth, dyspnea, fatigue, nausea/vomiting, pain,
peripheral neuropathy, difficulty remembering, sleep disturbances, and weakness, were
assessed in this study. We seek to determine if the cut-points provide consistent differentiation
among the levels of interference due to symptoms as patients receive interventions to address
symptoms that reach a pre-specified severity threshold. From a cognitive perspective, this
assumes that patients maintain a consistent association between the severity of a symptom and
the interference it imposes on dimensions of their daily lives. Further, these associations will
persist even as patients report lower (or higher) levels of severity over the six contacts. If these
associations are consistent over time and interference scores are consistently different for mild,
moderate and severe levels of symptoms, then we may anchor patients’ responses to symptom
management interventions to these levels (mild, moderate, severe). For example, a response
to an intervention might be defined as an improvement from severe or moderate to mild or
from severe to moderate, and non-response as remaining moderate or worsening from moderate
to severe over time. If important differences in interference scores among these categories
persist over time, then they could be used in clinical trials of symptom management to capture
meaningful improvement or deterioration.

The research question that guides this work is: Can the cut-points that separate mild, moderate
and severe levels of symptoms established at the initial contact consistently differentiate the
interference scores for each of 16 cancer-related symptoms across six contacts covering eight
weeks?

Review of the Literature
In this research, we seek to determine if, while receiving strategies to manage their symptoms,
patients continue over time to differentiate among levels of interference that define severity
based cut-points. Response shifts are a major threat to this argument. As patients implement
strategies that lower the severity of their symptoms, they may “re-calibrate” their definitions
of severity, interference, or both. For example, patients may report declines in severity but
continue to associate these new levels of severity with the same or increased interference.
Standard investigations of response shifts compare post-test with retrospective “then”
assessments. Retrospective assessments are likely to be adjusted by current patient perceptions.
In this research, we follow patients’ responses to interventions, compare their reports of
interference at each subsequent observation where symptoms are rated as severe moderate or
mild, and then seek to determine if interference scores consistently differentiate severe from
moderate and moderate from mild levels of severity. If so, the integrity of the interference-
based severity cut-points are preserved over time and can be used to measure patients responses
to these intervention strategies [9].

Patient reports of the extent to which pain interferes with dimensions of their daily lives have
become an accepted metric for differentiating severe from moderate and moderate from mild
severity. Different analytical techniques have been used to assess the magnitude of the
differences in interference scores as a means of separating pain severity ratings into mild
moderate and severe [2,6–8]. The important analytical distinctions centered on whether
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interference measures were treated as separate items or combined into a summary scale and if
their distributions were skewed or assumed to be normally distributed.

Less information is available regarding the validity of the measures of reductions in pain
intensity in response to interventions. Clinically significant reductions in severity have been
evaluated in different ways, including a 20–50% reduction in severity over baseline [10–11];
difference scores based on patient report of pain relief attributed to a drug or procedure; a
reduction in two or more points on a 10-point scale, or a 33% and 50% reduction [9,12]. A
limitation of measures using percent change in symptom severity is that a reduction from a 9
to a 6 may be much less important than from a 7 to a 4. Miaskowski et al. separated patients
assigned to the experimental intervention into responders with a > 30% reduction in the mean
of average and worst pain and non-responders [13]. While no differences in interference with
daily activities, mood and enjoyment of life were reported among non-responders, significant
reductions were found among the responders. This subgroup analysis suggested that a reduction
in pain severity is associated with lowered interference and, by implication, non-responders
continued to report higher levels of interference. This research seeks to determine if
interference scores continue over time to differentiate cut-points used to define severity
categories. If so, then these categories may be used to define cognitively meaningful change/
responses to interventions directed toward managing symptom severity.

Methods
The data used to test the differentiation of interference by the cut-points for separating severity
of 16 symptoms into mild, moderate, and severe are taken from two large randomized trials
designed to test alternative strategies for the management of cancer symptoms for patients
receiving chemotherapy. Each trial employed a nurse-administered cognitive behavioral
intervention in one arm. In the first trial, the nurse arm was paired against an automated voice
response (AVR) system. In the second trial, the nurse arm was paired against a non-nurse coach.
Patients in both trials received six contacts over eight weeks. Careful analyses of both trials
revealed no differences in summed symptom severity scores at the 10-week endpoint (post-
intervention) [14], and significant reduction in symptom severity from baseline to 10 weeks in
all four arms. The effect sizes for decrease in symptom severity were 0.57 and 0.73 in two
nurse arms, 0.66 in the AVR arm, and 0.69 in the coach arm. Given comparable moderate to
large impacts of the trial arms on symptom severity, we decided to combine all data available
at each of the six intervention contacts covering eight weeks. Evidence of comparability
regarding the impact of all interventions on symptom severity is provided in Table 1,
confirming our decision to combine data from the two trials for this analysis.

Sample
All locations participating in the accrual of subjects for these trials approved consent forms
designed to protect and inform eligible patients wishing to participate in one of these two trials.
This research was approved and accrual occurred from two comprehensive cancer centers, one
community cancer oncology program, and six hospital affiliated community oncology centers.
Nurses in the clinical trials offices implemented the recruitment protocol. Eligible patients met
the following requirements: 1) 21 years of age or older, 2) a diagnosis of a solid tumor cancer
or non-Hodgkin’s lymphoma, 3) undergoing a course of chemotherapy, 4) speak and read
English, and 5) have a touchtone telephone. If patients had a family member (a caregiver) who
was assisting them, willing to participate, and who signed a consent form, then they were
included. To assure that all patients met minimum symptom severity criteria and could benefit
from the intervention, they were screened for symptom severity using M. D. Anderson
symptom inventory [3]. Twice weekly calls were made for up to six weeks. Since clinical
guidelines suggest monitoring for symptom rated between 1and 3 on a 0–10 scale [15], patients
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scoring 2 or higher on severity of at least one symptom (range 0–10) at any contact were entered
into trial. Patients never reaching a 2 were sent a letter thanking them for participation. Patients
without a caregiver were enrolled in a second trial comparing the nurse administered
intervention with the AVR system. Patients with caregivers who scored a 2 or higher on both
pain and fatigue or a 3 or higher on pain or fatigue were entered into the trial 2 where the nurse
administered arm was compared with the coach. Figure 1 summarizes the flow of patients
beginning with eligibility and through the arms of both trials including attrition as it occurred
after the initial contact point. The data for this analysis were taken from the six intervention
contacts covering eight weeks. Only data collected from patients in both trials were used. In
trial 1, in addition to the interventions delivered to patients in both arms, interventions were
also delivered to caregivers in both arms. No data collected from caregivers were used as proxy
for patient data in the analysis.

The Two Trials
Each trial compared separately the impact of a six contact eight-week intervention to lower the
severity of symptoms for cancer patients undergoing chemotherapy. In Trial 1, the nurse arm
was compared with an AVR system. For this system a pleasant female voice read each of the
16 symptoms and patients reported their severity using the telephone keypad. In the second
trial the nurse intervention was compared with an intervention delivered by a non-nurse coach
who monitored all symptoms. In both the coach and the AVR arms, when patients reported
symptoms at a severity of 4 or higher they were referred to the Symptom Management Guide
(SMG). This guide, written at an 8th grade level covered the causes, management strategies,
when to call the oncologist and other sources for information. Each symptom was tabbed so
as to be easily located. In each section of the SMG, causes of each symptom were described
and strategies for managing the symptom presented.

Patients assigned to the nurse arms received cognitive behavioral interventions from cancer
nurses using scripted protocols. Up to four strategies for each symptom supplemented with
references to the SMG could be delivered. These strategies followed cognitive behavioral
theory, where patients are assessed frequently, and interventions altered to assure that patients
begin to acquire self-efficacious behaviors that can be sustained following the end of the formal
intervention [16–18].

At each subsequent contact, assigned strategies were evaluated. For the nurse arms patients
were asked for each symptom above threshold if the strategies proposed at the prior contact
were tried, and, if tried, were they helpful in managing that symptom. If a strategy was not
tried, was tried but not helpful, then the strategy was altered and a new one proposed. Successful
strategies were retained and reinforced.

For patients assigned to the coach or AVR arms, when symptoms reached a threshold of 4 or
higher, patients were referred to appropriate sections of the SMG. At subsequent contacts,
patients were asked if they had tried the assigned interventions, and if they did, to rate how
successful the intervention was in reducing the severity of that symptom. Once evaluations of
the impact of interventions on symptoms reported above threshold at the last contact were
completed, then patients were asked about the severity of each of the 16 symptoms at the current
time. In both of these arms, data were entered into computer assisted documentation programs
for storage and analysis.

Measures
All arms of the two trials employed identical assessment at intake interview, intervention
contacts, and at ten week (post-intervention) interview. Demographic data were collected
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during intake interview. Site and stage of cancer were obtained from the patients’ medical
records.

At each intervention contact, an 11-point scale was used to rate the severity of 16 symptoms.
Patients were asked to rate the average severity of each symptom over the last week on a scale
of 0 not present to 10 worst possible. For each symptom present in the past week (severity
score >0), patients rated on an 11 point scale the extent to which that symptom interfered with
their enjoyment of life, social relationships, general daily activities, emotions, and sleep. Four
of the interference dimensions (general activity, emotions, enjoyment of life and social
relationships) were taken from Brief Pain Inventory [1], Brief Fatigue Inventory [2], and M.
D. Anderson Symptom Inventory [3]. The other two interference items used by Cleeland and
colleagues [1–3], walking ability and normal work, were not assessed during intervention
contacts to decrease the respondent burden. Interference with sleep was added as this was
thought to be an important dimension based on reports from the literature. [19–21]

Development of the Interference Scale—Four of the five interference items were highly
and positively correlated. Sleep was not correlated with the other four items and, after
conducting an exploratory factor analysis, appeared to be tapping a separate dimension.
Therefore sleep was removed from the total interference score. The remaining four items were
submitted to exploratory factor analyses for each of the 16 symptoms. For each symptom the
factor with the largest Eigenvalue explained between 70% and 90% of the total variance, and
all items had approximately equal (high) loadings on this factor. Since loadings did not differ
substantially in magnitude, a summed score across four items was used to measure each
symptom’s interference with life.

Data Analysis
The optimal cut-points to separate mild from moderate and moderate from severe based on the
interference scale at the initial contact were established for the both trials. [8] This analysis
extends prior work by seeking to determine if the mean interference scores for the mild,
moderate and severe categories remain consistently different across six contacts for each of
the 16 symptoms. Descriptive statistics for symptom severity by trial and by various patient
characteristics were obtained to ensure that data in two trials are comparable and can be
combined for this analysis. To assess the longitudinal association between interference and the
categories of severity established at the initial contact, the linear mixed effects (LME) models
[22] with autoregressive covariance structure were employed. The LME model is a natural
generalization of the classical analysis of repeated measures that allow for data missing at
random and structured covariance matrices. By employing LME models in this analysis, we
were able to include data from patients who completed at least two intervention contacts.
Sixteen models (one for each symptom) were fit. The outcome in each model was the
interference score (sum of 4 items as described above). The explanatory variables were the
symptom severity categories (mild, moderate, severe), time (contact number), time by
symptom severity category interaction, and the covariates used when the cut-points were
developed [8]. Symptom severity category and the number of other symptoms were time
varying covariates. Even though symptom-specific interference items were assessed (e.g., how
much fatigue interfered with general activity), we adjusted for the possible effect of the number
of other symptoms a patient was experiencing. Least square (LS) means [23] by the interaction
terms were calculated, and differences by symptom severity category (mild, moderate, severe)
tested at each of the six contacts. The LS means are also referred to as means of the outcome
variable that are adjusted for other variables in the model or adjusted means. The LME models
were fit using PROC MIXED in SAS version 9.1 [24].
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Results
Figure 1 displays the number of patients who were approached, consented, and completed each
stage of the two trials. Based on the information in their medical records, 1605 cancer patients
were eligible for the trials and were approached by nurse recruiters, 815 signed informed
consent forms, 806 were screened simultaneously for the two trials. Reasons patients declined
participation included: being too busy or too stressed by their diagnosis and treatment to assume
another obligation; identified but then missed by recruiters at subsequent visits; or unwilling
to remain following infusions to have the study explained to them. Reasons for attrition during
the intervention contacts are summarized on the flowchart. Refusing intervention (20.7%),
becoming too ill (21.8%), and being too busy (9.2%) are main reasons for attrition after the
initial contact. Those who completed screening and entered the trial had the mean summed
mean severity of 33.4 for the 13 symptoms in M.D. Anderson symptom inventory [3] (standard
deviation 18.8) at screening, and they did not differ from those who completed screening but
dropped out prior to baseline interview (mean severity of 37.4 (standard deviation 24.4)). Two
hundred fifty seven patients had a consented caregiver and entered trial 1, while 471 entered
trial 2. Nine patients failed to enter screening, two never reached threshold in screening, and
76 patients dropped out prior to entry. Another 57 patients dropped out prior to baseline
interview, leaving 234 patients completing the baseline interview and randomized in trial 1
and 437 patients randomized in trial 2.

Table 1 presents the sociodemographic and clinical characteristics of the two samples along
with symptom severity at the intake and 10-week (post-intervention) interviews for each of the
selected characteristics. The distributions of patient and disease characteristics and the mean
of symptom severity confirm the similarities of the two samples and support our decision to
combine them for the purposes of the investigation of stability of cut-points over time.

The eigenvalues and the loadings of the four interference items on the first factor are listed in
Table 2, supporting our decision to use a single summed score to reflect each symptom’s
interference with daily life. Table 3 presents the least square (LS) means of interference scores
and their standard errors for mild, moderate, and severe categories of each of the 16 symptoms
across six contacts. Tests comparing the adjusted mean interference scores among mild,
moderate, and severe categories resulted in rejecting the null hypothesis of equality of means
with most P-values being less than 0.001 (Table 3).

Further, the examination of the magnitude of the differences between moderate and mild and
severe and moderate categories shows large differences except for a few symptom categories
(e.g., mild versus moderate depression at contacts 3 and 4 and moderate versus severe vomiting
at contact 3), where smaller magnitudes of difference could have occurred by chance alone or
could be attributed to small numbers of cases (listed in Table 3).

At each contact the number of cases decline over time for two reasons: 1) patients received
interventions to manage their symptoms and, therefore, symptoms declined in severity or
resolve; and 2) not all patients completed all contacts: some patients were too sick, some
skipped contacts yet completed later assessments, and some dropped out of the trials. Another
reason explaining declines in symptom counts for alopecia is that once patients lost hair, they
did not report this symptom the following week as they were not losing any more hair. So, for
this symptom, the fact that patients did not report a symptom does not mean their hair re-grew.

While the absolute numbers reporting each symptom at each contact decline, when patients
who report each symptom (severity >0) are considered, the proportions of the patients reporting
each severity level do not differ much across six contacts. The largest differences are among
patients reporting severe levels of each symptom. The decline in counts for the severe category
is greatest between the first and second contact and then the counts decline slowly from contact
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3 through 6. Table 4 lists the counts for cases falling into mild, moderate and severe categories
at contact 1, transitions to mild, moderate and severe categories at contact 2, and the number
and percent not reporting a symptom, skipping a contact, or stopping an intervention between
the first and second contact. Note that the counts for mild, moderate and severe categories at
contact 2 listed in Table 3 are larger than those in Table 4 because counts in Table 3 include
all patients who reported a symptom at a given contact, while Table 4 tracks patients who had
the symptom present at contact 1. Around 10% of patients who reported their symptoms at
contact 1 skipped contact 2 and were retained during the rest of contacts. Percent of symptom
cases lost due to patients stopping the intervention are very small in the mild category and are
mostly less than 10% even in the severe category. Thus the association between the interference
and the severity level appears not to be affected by attrition.

Discussion
This research builds upon and extends our earlier work [8]. In that paper, we identified
interference-based severity cut-points for 16 cancer-related symptoms prior to the introduction
of intervention strategies designed to lower the severity of each symptom. Severity cut-points
were based on the largest differences in interference scores between consecutive levels of
severity. The findings indicated rather clearly that moderate levels of severity could be
differentiated from mild and severe levels from moderate based on differences in the ways
patients assigned interference scores to each symptom. The interference scores were based on
a psychometrically sound scale consisting of four items.

In this research, we sought to determine if the interference scores were consistently different
over time for the three severity categories defined by the cut-points. The data presented here
support that contention. First, the hypotheses of equality among adjusted means of interference
scores for mild, moderate, and severe cut-points were rejected for the 16 symptoms at all
contacts. While some variations occurred, they probably occurred due to small cell size or by
chance. Thus, the cut-points consistently differentiate the interference scores over time as
patients are receiving interventions to manage symptoms.

Most importantly, the evidence provided here indicates a strong and sustained relationship
between interference scores and their corresponding symptom severity categories. Thus, we
observed that patients retained consistently different interference scores corresponding to mild,
moderate, and severe categories at each observation. Patients’ symptom severities were
lowered over time, and the interference scores were, for the most part, significantly different
at each observation; therefore, it appears that patients adjusted their interference scores to the
level of symptom severity they reported. Together, these data offer evidence against response
shifts in interference over the course of the six contacts. Thus, we conclude that patients appear
able to associate interference scores with severity categories and to modify those scores as
symptoms improve, resolve, or worsen.

If the consistent differences among mild, moderate and severe categories are accepted, then
we can begin to argue that these interference-based severity cut-points that are tailored to each
symptom can be used to develop response categories to measure the impact of intervention
strategies and to classify patients as responders, or non-responders. Patients who move from
severe to moderate or moderate to mild from symptom onset to the last contact completed can
be classified as responders, whereas those who remain at moderate or severe level or deteriorate
from moderate to severe can be classified as non-responders. These response categories are
anchored on differences in symptom interference rather than on absolute or relative decline in
symptom severity. Other approaches to defining response such as a decrease in severity of 30%
or more [10] classify as responders include patients who improved from 3 to 2 as well as those
whose severity declines from 9 to 6. Using mild, moderate and severe cut-points tested in this
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paper, most symptoms that move from severe to mild achieve a close to 50% reduction and
would represent clinically important differences that oncologists would view as meaningful.
Reductions from severe to moderate are of note, and meet the 30% reduction in most cases and
can be of clinical importance as well. Reductions from moderate to mild, for the most part,
may be less important clinically. For example, reduction in fatigue from 3 (moderate) to 1
(mild) may not be considered important by oncologists, since fatigue of severity 3 would not
be considered serious enough to alter the treatment dosing or schedule. However, from a quality
of life perspective, a reduction of 3 to 1 on fatigue severity corresponds to a decrease in the
limitations of daily activities caused by fatigue and substantial improvement in physical
function [15]. From a clinical perspective these categories for selected symptoms could be
compared with the National Cancer Institute’s Common Terminology Criteria for Adverse
Events. As patient reported outcomes become part of the clinical care system, it will be
important to determine how our classification system and reported changes correspond to these
existing clinically defined categories for assessing symptoms as levels of toxicity. Currently,
approaches to patient reported toxicities are underway. Clinical utility will come as
interference-based severity measures are calibrated to existing toxicity grading for symptoms
[25].

Several limitations of this research should be noted. First, the consent rate out of those
approached was around 50%, which may limit the ability to generalize findings. Second, most
patients experienced multiple symptoms yet they were asked to attribute interference to each
symptom. While analytically we adjusted for that by including the number of symptoms as a
covariate in the statistical models, such adjustment may not fully account for how much of the
interference is attributed to, for example, pain versus fatigue.

In conclusion, this research demonstrates that patients are able to differentiate among
interference scores defining mild, moderate, and severe levels of symptoms over time. As a
result, these categories may be used to define symptom specific anchor-based measures of
response to symptom management strategies.
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Figure 1.
Flowchart of patient accrual and retention for the two trials.
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Table 2
Eigenvalues (λ), Percent of Variation Explained by the First Factor, and Factor Loadings for the Four Interference
Items for Each Symptom at Contact 1

Alopecia λ = 3.06 (76
%) Anxiety λ = 3.14 (78 %) Poor Appetite λ = 3.01 (75 %) Constipation λ = 3.14 (78 %)

Enjoyment of life 0.9156 0.9144 0.8603 0.9059

Relationship with others 0.8707 0.8688 0.8501 0.8111

General daily activities 0.8777 0.8664 0.8767 0.9175

Emotions 0.8315 0.8932 0.8824 0.9037

Cough λ = 3.14 (78 %) Depression λ = 3.26 (81 %) Diarrhea λ = 3.12 (78 %) Dry Mouth λ = 3.00 (75 %)

Enjoyment of life 0.9040 0.9333 0.9137 0.8770

Relationship with others 0.8341 0.8703 0.8074 0.8436

General daily activities 0.9051 0.9087 0.9070 0.8761

Emotions 0.9016 0.8979 0.9022 0.8685

Dyspnea λ = 3.04 (76 %) Fatigue λ = 3.15 (79 %) Sleep Disturbance λ = 3.23 (81
%)

Nausea/Vomiting λ = 3.32 (83
%)

Enjoyment of life 0.9066 0.9108 0.9102 0.9268

Relationship with others 0.8135 0.8683 0.8698 0.8662

General daily activities 0.8692 0.8912 0.9074 0.9328

Emotions 0.8935 0.8790 0.9077 0.9170

Pain λ = 3.29 (82 %) Peripheral Neuropathy λ =
2.99 (75 %)

Difficulty Remembering λ =
3.23 (81 %)

Weakness λ = 3.11 (78 %)

Enjoyment of life 0.9187 0.9102 0.9147 0.9151

Relationship with others 0.8872 0.7676 0.8877 0.8404

General daily activities 0.9152 0.8906 0.8982 0.8834

Emotions 0.9064 0.8823 0.8946 0.8897
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