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Abstract

Purpose—Five-year disease endpoint trajectories are available for every cancer site. In contrast, 

there are few longitudinal, biobehavioral studies of survivors extending beyond the first or second 

year following diagnosis. This gap is addressed with stress, depressive symptom, and immunity 

data from breast cancer patients followed continuously for 5 years.

Methods—Women (N=113) diagnosed and surgically treated for breast cancer and awaiting 

adjuvant therapy completed self-report measures of stress and depressive symptoms and provided 

blood for immune assays [natural killer cell cytotoxicity (NKCC) and T cell blastogenesis]. 

Assessments (12) were repeated every 4 to 6 months for 5 years.

Results—Multiphase linear mixed models show phases of change and identified specific time 

points of change. Cancer stress shows two distinct phases of decline, with the change point being 

12 months. In contrast, a steep decline in depressive symptoms occurs by 7 months, with stable, 

low levels thereafter. NKCC shows a steady upward trajectory through 18 months and upper limit 

stability thereafter, whereas there was no reliable trajectory for T cell blastogenesis.

Conclusions—For the first time, trajectories and specific time points of change in biobehavioral 

data for breast cancer survivors are provided, traced through 5 years. Following diagnosis, the 

breast survivor experience is one of a co-occurrence of change (recovery) in psychological and 

innate immunity markers from diagnosis to 18 months, and a pattern of stability (depression, 

NKCC) or continued improvement (stress) through year 5. These data provide new directions for 

survivorship care and detail of the biobehavioral trajectory.
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Introduction

Many studies have documented the psychological stress of cancer diagnosis and negative 

changes in biobehavioral responses (1–4). As the number of cancer survivors continues to 

climb, the need to understand the trajectory of psychological and behavioral responses has 

been voiced (5–7). When the most critical months (or years) for difficulty are and if 

difficulties reach some stable level, resolve, or worsen is largely unknown. Understanding 

the trajectory of host factors, particularly immunity, is needed due to their importance in 

destruction of malignant cells and surveillance against re-emergence of tumors.

In the short term, stress covaries with negative quality of life, physical symptoms, and 

treatment morbidities across patients (8,9), and in the long term epidemiologic data show its 

relationship to cancer mortality (10). In breast cancer, significant declines in stress in the 

first year with little change through 18 months have been reported (11). Additionally, 

research suggests a declining pattern of anxiety symptoms from pretreatment to the mid- or 

end of cancer treatment, with one study demonstrating no change in anxiety at 18 months 

and again at 8 years (12–17). Symptoms of depression can generate stress (18) and are also 

associated with heightened risk for cancer death (RR=1.18) (19,20) and all-cause death 

(RR=1.31) (21,22). Studies of both breast (23) and prostate cancer patients (24) have found 

low rates (≤6%) of moderate to severe depressive symptoms 2–3 years post diagnosis, 

contrasting with higher rates found in year one (17,25–28). Heightened stress and depressive 

symptoms covary with immunity, both cellular (4) and inflammation (29), and declines in 

stress (11,30) or depressive symptoms (31) relate to improvements.

The effects of cancer treatment on functional immunity have been studied (see 

Supplementary Materials) using natural killer cell cytotoxicity (NKCC) and/or T-cell 

blastogenic response to phytohemagglutinin (PHA) or Concanavalin A (ConA) assays. 

Improvement in NKCC through chemotherapy, with or without radiotherapy, and into the 

next 6 months has been found (11,32–34), but one study reported a decline in NKCC pre/

post radiotherapy (35). Regarding T cell blastogenesis, both declines through 12 months (34) 

and declines followed by improvement (36) have been reported. When studies compare 

cancer treatments, reliable differences in these markers are usually not found (33,35,37). An 

exception has been comparison of taxane versus non-taxane regimens for breast cancer, with 

higher levels of both NKCC and T cell blastogenesis found in patients additionally receiving 

taxanes (32). Thus, considering the data across studies, there is suggestive evidence of 

NKCC recovery in year one, but the trajectory for blastogenesis is unclear. Trajectories 

thereafter are unknown.

This study aims to address the gap of longitudinal, biobehavioral data for disease free cancer 

survivors to discover the natural trajectories of stress, depressive symptoms, and immunity. 

The number of assessments (12) and duration (5 years) enabled the use of a powerful 

general nonlinear mixed models analysis, providing information on five trajectory elements 

(see Fig. 1 illustration). First, the initial starting point/baseline level (intercept) of the 

variable is identified. Second, from the intercept, the rate of change across time (slope for 
Phase I), be it positive (upward), negative (downward), or zero (no change), is determined. 

Third, if there is a change in slope, the time point of change (knot) can be empirically 
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determined. Fourth, after the knot, the Phase II slope is determined. These four elements 

detail the trajectory for “the average person,” but a fifth, the variance of the intercept and 
slope, provides an indication of any notable variability among individuals in these elements. 

Lastly, covariates for the trajectory elements were explored. Three areas were identified--

demographic, medical, and social--on the basis of evidence for their correlation with 

psychological and biologic responses (4).

Method

Patients and procedures

Data come from newly diagnosed Stage II/III breast cancer patients in the assessment-only 

arm (n=114) of a randomized clinical trial (N=227) testing the effect of a psychological 

intervention on reducing the risk for recurrence, as described (38–40). Demographic data are 

displayed in Table 1. The local institutional review board approved the research in accord 

with an assurances approved by the U.S. Department of Health and Human Service. Accrued 

from 1994 to 1998, patients were post-surgery/pre-adjuvant therapy. Following informed 

consent, patients completed a baseline in-person structured interview, self-report 

questionnaires, a nursing assessment, and a 60 mL blood draw, and were then randomized. 

Assessment-only and intervention arms did not differ on demographic, stress, depression, 

immune, disease or treatment characteristics, and other variables (38). Trial outcomes 

showed intervention arm improvements including reduced negative mood, improved social 

support and health, and reduced risk for recurrence (38–40). Assessments occurred every 4 

months in year one and every 6 months in years 2–5 for patients remaining disease-free.

Measures

Cancer-Specific Stress—The Impact of Events Scale (41) (IES) is a 15-item self-report 

measure assessing intrusive thoughts and avoidant thoughts and behaviors regarding cancer. 

A frequency scale ranging from 0 to 5 is used and items summed, ranging from 0 to 75. 

Internal consistency was 0.87. To reduce patient burden, the IES was not completed at 

months 42 and 54.

Depressive Symptoms—The 11-item Iowa short form of the Center for Epidemiological 

Studies Depression Scale (42) (CES-D) was used. Items have a 3-point scale and are 

summed, ranging from 0 to 22. Internal consistency was 0.73. To reduce patient burden the 

CESD was not completed at 30, 42 and 54 months.

For the interest of the reader we note that at baseline, two additional questions were included 

to assess past depression/dysthymia: (a) “In the year prior to your cancer diagnosis, did you 

have 2 weeks or more during which you felt sad, blue, or depressed, or lost pleasure in 

things that you usually cared about or enjoyed?” and (b). “Have you had 2 years or more in 

your life when you felt depressed or sad most days, even if you felt okay sometimes?” For 

each, “yes” was scored 1 and “no” scored 0. At baseline, 22 people (19%) exceeded the 

CES-D cutoff, 42 (37%) endorsed (a), and 35 (31%) endorsed (b).
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Immunity—Assays for NKCC and T-cell proliferation in response to PHA and ConA were 

conducted, as detailed (1,38); see also Supplementary Material. All assays were run on fresh 

samples on the day of the blood draw for all (12) time points. NKCC effector to target (E:T) 

cell ratios were 100:1, 50:1, and 25:1. T cell proliferation assays used serial dilutions of 2.5, 

5.0, and 10.0 cg/mL for each. The T cell flow cytometric staining examined only CD3+ T 

cells.

Covariates

Measures were as follows: 1) demographic, age (in years); 2) medical, extent of surgery 

(modified radical vs. segmental mastectomy) and post surgery (baseline) functional status 

[nurse rated Karnofsky Performance Status, KPS (43)]; and, 3) social, the Social Network 

Index (44) (SNI) assessed social ties and involvement.

Analytic Strategy

Linear multiphase mixed models were used. Two linear trajectory phases were estimated 

along with the point where the two phases joined, the knot; see Fig. 1. The knot is the point 

at which the outcome variable ceases to be predicted by Phase I and begins to be predicted 

by Phase II. Equation (1.) partially defines a linear multiphase mixed model. The model 

shows that the ith measure of the jth person is predicted by the first equation when xij < τj 

and the second equation when xij ≥ τj. The j subscripts on the parameters connote the 

possibility of random effects of person (individual variability) on each parameter. 

Multivariate normal random effects were added to the parameters when the data supported 

them. Though none of the final models supported the use of all four possible random effects; 

a saturated model is presented in (1.) for completeness.

1

Models were fit in SAS PROC NLMIXED, selected based on the Akaike Information 

Criterion (AIC) and represent a single plausible model for describing the data. If a variable 

exhibited a general skew, a log transformation was done. Missing data were assumed to be 

missing at random with an ignorable missing-data mechanism. For the NKCC, analyses 

were first conducted for E:T 25:1, and then for 100:1 and 50:1, with the expectation of 

replication. The same procedure was used for serial dilutions of 2.5, 5.0, and 10.0 cg/mL for 

PHA and ConA, again with the expectation of replication.

After selecting a trajectory model, linear covariate effects on each parameter were tested for 

the covariates age, surgery type, baseline level of the Karnofsky Performance Status (KPS), 

and the Social Network Index (SNI). Only statistically significant covariate effects are 

reported. For immunity, only covariates that replicated across at least two E:T ratios or two 

T cell serial dilutions are reported. If more than one possible combination of parameter-

covariate effects were plausible, the combination with lowest AIC is reported.
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Results

Stress

Log-transformed Impact of Events Scale (IES) was used. Regarding the trajectory (Fig 2, top 

panel), for the average person cancer specific stress showed a steep decrease during Phase I 

(β̂1 = −0.0566, t = −6.55, p value < .0001 two tail), and thereafter stress continued to 

decrease, though less steeply, during Phase II (β̂2 = −0.0010, t = −3.16, p value = 0.0021 two 
tail) [see Fig. 2, top]. The data also revealed that the shift (knot) from Phase I to Phase II 

occurred at 12 months (τ̂ = 12.2129, t = 5.88, p value < .0001 two tail).

Analyses of individual variability showed two types. The first type of variability was in the 

baseline (intercept) stress scores, . Illustrated in Fig. 2 (bottom 

panel), some patients began with higher stress (see intercept for Patient A who had the most 

extreme, highest, baseline IES score) and others began with lower stress levels (see intercept 

for Patient B who had the most extreme, lowest, IES score). The second type of variability 

was in the Phase II slope . For some patients, the Phase II 

slope was nearly zero (see line for Patient C), indicating stress showed no further decline 

after 12 months, whereas for other patients stress continued to decline (see Patient D with 

the steepest phase II slope). Regarding covariates, only social network was significant. On 

average, the larger a patient’s social network, the lower her stress at baseline (γ̂0 = −.05693, 

t = −2, p value = .0476 two tail).

Depressive symptoms

Log-transformed Center for Epidemiological Studies Depression Scale (CESD) data was 

used. With respect to the trajectory (Fig. 3, top panel) for the average person depressive 

symptoms declined during Phase I (β1̂ = −.05951, t = −3.13, p value = .0013 two tail), but in 

Phase II depressive symptoms “leveled out” with no further change (zero slope). The slope 

shift occurred at 6.7 months (τ̂ = 6.7316, t = 4.02, p value = .0001 two tail). An analysis of 

individual variability again showed two types of effects. The first type of variability was in 

the baseline (intercept) scores . Illustrated in Fig. 3 (bottom panel), 

some patients began with higher levels of depressive symptoms (see intercept for Patient A 

who had the highest baseline CESD score) and others began with lower depressive symptom 

levels (see intercept for Patient B who had the lowest CESD score). The second type of 

variability was in Phase II slopes that showed change after 6.7 months rather than stability 

. Illustrated in Fig. 3 (bottom panel), some individuals had 

an increase in depressive symptoms (see Phase II slope for Patient C with the greatest 

increase), whereas others had depressive symptom declines (see Patient D with the steepest 

downward slope). No covariates were significant.

Immunity

Natural Killer Cell Cytotoxicity—For NKCC, the observed responses were symmetric 

and unimodal, requiring no transformation. With respect to the trajectory (Fig. 4, top panel), 

on average NK25 steadily increased in Phase I (β1̂ = 0.6331, t = 4.73, p value < .0001 two 
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tailed), but in Phase II there was no change (zero slope) (β2̂ = 0.0604, t = 1.10, p value = .

2735 two tailed). The latter finding is indicative of a ceiling effect in NKCC increase. These 

effects were replicated at NK50 and NK100. Further, analyses show the slope shift (knot) 

occurred at 18 months. (τ̂ = 18.00, t = 4.62, p value < .0001). An analysis of individual 

variability revealed significant effects for the intercept (baseline), 

. This finding is illustrated in Fig. 4 (bottom panel) with 

Patient A having the highest baseline NK and Patient B with the lowest baseline NK. While 

these individuals vary at the baseline, their trajectories are parallel. These effects were 

replicated at NK50 and NK100.Regarding covariates, age was positively correlated with the 

intercept, with those older having higher baseline NKCC. For example, at NK50, for every 

one year increase in age, a person’s baseline NKCC was, on average, 0.29 higher (γ̂0 = 0.29, 

t = 2.66, p value = 0.009 two tailed). In contrast, KPS impacted the Phase II slope. For 

example, at NK50, for every one point increase in baseline KPS, the phase two slope 

increased by .0135 (γ̂2 = 0.0135, t = 2.02, p value = 0.0455 two tailed).

T cell blastogenesis: Con A—Natural log transformations were used. With respect to 

the trajectory for the average person (Fig 5, top panel), ConA at 2.5 showed a zero slope in 

Phase I, and a slight average increase in Phase II (β2̂ = .000807, t = 2.77, p value = .0065 

two tail). Analyses revealed a similar trajectory for ConA 5.0 but not 10.0, which could only 

support a simple line with random slopes. The modest slope shifts (knots) occurred at 12 

months (τ̂ = 12, t = 2.51, p value = .0136 two tail).

Analyses of individual variability revealed significant effects for Phase I slopes (Fig 5, 

bottom panel), with some individuals showing an increase in Con A (see Patient E with an 

increasing Phase I slope) whereas others showing decreasing Con A (see Patient F). No 

covariates were significant. In summary, there was no average change in ConA in the first 

year, with the possibility of a slight, increasing trajectory in the later years.

T cell blastogenesis: PHA—Natural log transformations were used. Across serial 

dilutions, analysis of individual variability showed differences in Phase I slopes 

, with some patients showing increases in PHA and others 

decreases. However, in Phase II there was zero slope (no change from month 4.5 to 60). The 

slope shift (knot) occurred 4.5 months (τ̂ = 4.5409, t = 3.50, p value = .0007). Regarding 

covariates, older individuals at baseline had a lower average PHA 2.5 (γ̂0 = −.0016, t = −2.8, 

p value = .0060). In summary, individuals differed in PHA in the early (4–5) months, but 

there was little detectable change in PHA thereafter. Considering the findings from both 

blastogenesis assays, the evidence is weak for T cell blastogenesis to vary substantially from 

post surgery through 5 years in these patients.

Discussion

These data are the first to describe long-term, natural trajectories of cancer-specific stress, 

depressive symptoms, and immunity for breast cancer survivors. Analyses used multiple 

time points (12) from diagnosis through to 5 years (a range of 725 to 925 data points per 

outcome) to determine if phases of change exist, and if so, when shifts in change occurs. The 
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data supported trajectories that are marked by two distinct phases, with estimated time points 

of the shift from the first to the second phase. If representative of the larger population of 

patients, we now have estimates of the trajectories for “the average person.” Also, more 

specific insights may be gained by examining the individual differences among patients.

The cancer specific stress trajectory for the “average” breast cancer patient is one of steady 

decline, with roughly 60% of the change occurring in the 12 months following diagnosis, 

with a slow, further decline across the next 4 years. It is notable that the first phase included 

the months of adjuvant therapy (baseline to 4 months for 90% of the patients) and the 8 

months afterwards. Differences among patients in stress have been reported (45) but whether 

baseline stress modifies the trajectory has been unknown. These analyses revealed that 

regardless of “starting point” differences, a trajectory in which all patients had the same rate 

of decline in stress for 12 months fit the data best. After 12 months, trajectories become 

variable. For some, stress will continue to decline, whereas for others the decline “stalls” 

with higher stress maintained in the years to follow.

The four assessments in year one enabled discovery of the steep decline in depressive 

symptoms occurring well before the 12 months previously suggested (17,23,24). Estimates 

from the data suggest that by 6.7 months the downward trajectory ends, with a stable (low) 

symptom level for the remaining years. However, individual differences matter in the 

symptom pattern thereafter. Specifically, after 7 months some lose the gains from Phase I 

and return (if not exceed) their baseline, whereas others continue with symptom decline. 

One possibility is that initial high scorers who return to baseline may have a pre-cancer 

history of depression. The baseline descriptive data showing 19% of the sample exceeded 

the CES-D cutoff and with more reporting pre cancer dysthymia/depressive symptom 

histories suggest that a notable percentage was at risk for late, higher depressive symptom 

levels. Other studies show breast cancer patients with a history of major depressive disorder 

(MDD) to report increases in depressive symptoms from pre to post chemotherapy in 

contrast to those with no such history (46), and roughly 50% of cancer patients in MDD 

treatment trials have been found with a history (pre-cancer) of MDD and/or prior psychiatric 

treatment (47,48).

There are no long-term data on cancer patients’ NKCC or T cell blastogenic responses. For 

NKCC, the baseline appeared “low” when compared to the trajectory, which may reflect 

lingering suppressive effects of the breast cancer itself, the inhibitory effects of surgery, or 

some combination. Studies from pre to post adjuvant chemo/radiotherapy have shown no 

changes or ones which reverse (11,33–35). With assessments during and long after the end 

of chemotherapy and radiotherapy, these data show the post surgery NKCC trajectory to be 

one of linear recovery---through the 4–8 months of treatment and continuing to 18 months--

which may be suggestive of the antitumor role of the NK cell compartment.

NK and T cells have the potential to eliminate cancer cells within tumors and conduct 

immune surveillance, but do so in fundamentally different ways. Whereas NK cells identify 

and lyse tumor cells based on the absence of HLA class I molecules (“missing self”), T cells 

do so with class I-dependent expression of antigenic peptide epitopes that are not expressed 

by normal cells. Perhaps reflective of these biologic differences, NKCC data were 
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symmetric and unimodal, similar to a bell curve, whereas the T cell blastogenesis data 

required transformation and was “noisy,” such that detecting a trajectory within and across 

assays was generally difficult, particularly so with ConA although less so with PHA. This 

variability likely makes detecting differences difficult (49) though in studies with rigorous 

controls or randomization significant increases in PHA have been found with cancer (32) 

and psychological therapies (38). Also, an early study found that patients exhibiting a drop 

in PHA within 36 months had an increased risk for metastatic disease (36), pointing to the 

potential importance of the T cell compartment in immune surveillance for recurrent breast 

cancer.

The research design and methods that enabled this analysis require discussion to evaluate the 

generalizability of the findings. With the lengthy 5 years of follow up and with a sample at 

risk for disease progression, missing data due to dropout and participant mortality occurred 

(See Supplementary Materials). Complete data across 60 months were recorded for N=59 

subjects. The analyses assumed that the missing data were missing at random and models 

were fit to all available data using maximum likelihood. The sample was homogeneous, only 

regional breast cancer patients, with the timing of accrual insuring that all were post surgery 

and pre adjuvant therapy at baseline. Valid and reliable psychological measures were used. 

The psychological trajectories reported may be similar for other newly diagnosed female 

cancer patients, but their relevance to male patients is not clear. In general, females report 

higher levels of negative affect and physical symptoms in comparison to men (50), which 

may result in psychological trajectories in men being more difficult to detect. Regarding 

gender differences in immunity, they are generally not found in CD3 or NK subsets and 

when observed, older women (age > 70) have been found with higher NK cell numbers 

(51,52). Regarding the generality of the immunity trajectories, they did not covary with 

extent of surgery, and the chemotherapies received by these patients (primarily 

anthracycline-based) are the same as those in prior immune studies (see Supplementary 

Materials) and are ones still used to treat breast cancer as well as many others, only NKCC 

was assessed, and it alone does not capture all of the effector mechanisms for eliminating 

malignant cells.

The data have clinical relevance, with implications for identifying and providing 

psychosocial care to those newly diagnosed with breast cancer as well as survivors. Data 

show the high levels of stress and/or depressive symptoms at diagnosis/treatment are long-

term limiting factors. Even with early symptom declines, patients may experience no further 

improvement in stress and/or return to earlier, higher depressive symptom levels. These 

patterns underscore the importance of recommendations to screen patients at the time of 

diagnosis for symptoms of anxiety and depression (53). The data also show that the absolute 

levels of symptoms at diagnosis/treatment best predict risk, as the analyses explored 

covariates with a predominance of null effects. Notably, surgery type did not predict 

subsequent stress or depressive symptoms, nor did income, age, or performance status 

(KPS). Only social network size covaried with baseline cancer stress, with no effect on the 

stress trajectory. Thus, patients with higher stress levels are in need of early, evidence based, 

psychological treatment not only to lower current stress, but to prevent its maintenance and 

the poorer quality of life which follows (9,11). If psychological treatments are used, they are 

efficacious in reducing stress, enhancing positive coping and quality of life (54,55), 
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improving health behaviors (56), enhancing biologic responses such as those studied here 

(38,54), and in some circumstances, reducing risk for recurrence (40) or cancer death 

(39,57).

In summary, novel data for the biobehavioral trajectories for the modal, disease free, breast 

cancer survivor are provided from diagnosis/surgery through 5 years. Psychological and 

innate immune markers (NKCC) improved from diagnosis to 6–18 months, and thereafter 

gains for the average person were at least stable, if not improving further, for the next four 

years. However, high levels of stress and/or depressive symptoms at diagnosis/treatment are 

long-term limiting factors, as after early declines some patients may experience no further 

improvement in stress and/or rebound to higher depressive symptom levels. The latter 

scenario is troubling in its duration, continuing through 5 years. However, knowledge of 

these biobehavioral trajectories will hopefully assist in defining the timing and substance of 

survivorship care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Statement of Translational Relevance

The present long-term (5 year) prospective study (N=113) study evaluated the changes 

that occurred in levels of stress, depression and immune function in patients with stage I–

III breast cancer from the time of surgery. Cancer stress showed two distinct phases of 

decline, with the change point being 12 months. In contrast, a steep decline in depressive 

symptoms occurred by 7 months, with stable, low levels thereafter. Natural killer cell 

cytotoxicity showed a steady upward trajectory through 18 months and upper limit 

stability thereafter, whereas there was no reliable trajectory for T cell blastogenesis. This 

study is unique in its identification of improvement in immunity, stress, depressive 

symptoms over a period of five years post-surgery. Behavioral interventions aimed at 

reducing stress and depression and therapeutic approaches aimed at augmenting the 

immune response to cancer will benefit from knowledge of these trajectories.
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Figure 1. 
Example of a linear-linear multiphase function is provided. The intercept is where Phase I 

intersects the Y axis; its value is β0. Phase I is the line between the intercept and knot; its 

slope is β1. The two phases meet at a point called the knot. Phase II is the line to right of the 

knot; its slope is β2.
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Figure 2. 
Top: The estimated Impact of Events Scale (IES) trajectory (natural log) for the average 

individual (N=113) from initial to 60 month assessment. Data points have been jittered to 

reduce over plotting. Bottom: A plot (natural log) using the most extreme individual 

trajectories predicted by the model. A/B trajectories are examples of patients with the 

highest/lowest intercepts. C/D trajectories are examples of patients with the highest/lowest 

second phase slopes.
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Figure 3. 
Top: The estimated Center for Epidemiologic Studies-Depression (CESD) scale trajectory 

(natural log) for the average individual (N=113) from initial to 60 month assessment. Data 

points have been jittered to reduce over plotting. Bottom: A plot (natural log) using the most 

extreme individual trajectories predicted by the CESD model. The A/B trajectories are 

examples of patients with the highest/lowest intercepts. The C/D trajectories are examples of 

patients with the highest/lowest second phase slopes.
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Figure 4. 
Top: The estimated natural killer cell cytotoxicity (NKCC) at E:T 25:1 trajectory (raw) for 

the average individual (N=113) from initial to 60-month assessment. Data points have been 

jittered to reduce over plotting. Bottom: A plot (raw) using the most extreme individual 

trajectories predicted by the model. A/B trajectories are examples of patients with the 

highest/lowest intercepts.
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Figure 5. 
Top: The estimated concanavalin A (ConA) at 2.5 serial dilution trajectory (natural log) for 

the average individual (N=113) from initial to 60 month assessment. Data points have been 

jittered to reduce over plotting. Bottom: A plot (natural log) using the most extreme 

individual trajectories predicted by the model. The E/F trajectories are examples of patients 

having the highest/lowest first phase slopes.
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Table 1

Demographic, Disease, and Treatment Characteristics of Patients (N=113)

Characteristics Mean (SD)/%

Age 50.58 years (SD=10.61)

Race (% Caucasian) 90.3%

Partner Status (% Partnered) 73%

Income $64,580 (SD=84.114)

Stage of Disease

 Stage II 92%

 Stage III 8%

Surgery Type

 Modified Radical Mastectomy 57%

 Segmental Mastectomy 43%

Adjuvant Therapy Type

 Adriamycin 73%

 Cyclophosphamide 100%

 Taxanes 20%

 5-fluorouracil 19%

 Methotrexate 14%

 Post-chemotherapy radiotherapy 51%

 Tamoxifen 80%

Receiving chemotherapy during:

 0–4 months 83%

 4–8 months 9%

 8–12 months 0%

Receiving radiotherapy during:

 0–4 months 44%

 4–8 months 9%

 8–12 months 1%
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