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Abstract
Objectives: Quality of Life (QoL) at baseline is frequently found to be a prognostic factor in cancer
studies. However, little is known about the relationship of the trajectory of QoL and survival in
patients with advanced cancer. This study evaluates the effects of both level and change of QoL on
survival to explore the potential of utilizing longitudinal information of QoL for prognosis.

Methods: A series of joint models were used in a sample (N= 512) of patients diagnosed with ad-
vanced cancer (sample consisted of nine different cancer sites) with assessments of QoL across six time
points and with survival information recorded up to 28 months after diagnosis. We used FACT-G as
the QoL measure, and we evaluated the effects of change in QoL controlling for the time-dependent
effects of chemotherapy and radiation.

Results: The median survival for patients was 14.2 months, and 10% of the sample had survived be-
yond 28 months after the diagnosis of advanced cancer. The effect of change of QoL on survival was
significant (hazard ratio = 0.98; p< 0.001) controlling for time-dependent treatment effects. Also, the
slope of the trajectory in QoL was found to be a significant predictor of survival (hazard ratio = 0.18;
p< 0.001).

Conclusion: These preliminary findings suggest that the patient’s longitudinal experience in QoL
may be a significant prognostic factor of survival, a novel finding with potentially important implica-
tions in medical decision making. Longitudinal information on QoL can be used for updating the
patient’s prognosis of survival.
Copyright © 2015 John Wiley & Sons, Ltd.

Introduction

In the last two decades, we have witnessed an evolution of
end-of-life care and treatment models in cancer focusing
on the integration of life-extending treatments with
palliation and quality of life (QoL) considerations [1–6].
Epitomized by recent studies, QoL is increasingly viewed
not merely as an end in itself but as a predictor of survival
[6–10]. This prognostic function of QoL on survival has
been shown in the literature to hold for a variety of cancer
sites [7,11–14] and QoL measures [8] even after adjusting
for known prognostic clinical variables [6,8,9]. Therefore,
the adoption of QoL measures as prognostic tools in esti-
mating survival in cancer patients has been consistently
encouraged [6–8].
Undoubtedly, the illness experience of cancer patients is

a highly complex time-dependent process. However, it has
been shown that QoL is modestly associated with past
clinical history of the disease [5] and strongly associated
with the patient’s perception of the disease, including
how they make sense of an advanced-stage cancer diagno-
sis, how they perceive the physical symptoms of the
disease, and how they evaluate their functional and psycho-
social well-being [15,16]. Understanding that subjective

QoL evaluation in time reflects real clinical information
which is crucial in providing care to patients with advanced
stage cancer. This subjective evaluation may provide insight
into the illness itself and how it progresses and can be utilized
to improve treatment decisions. In addition, if the clinician
observed divergence of QoL evaluations and disease history,
steps may be taken to align perceptual understanding with
disease severity and improve adherence to treatment and
other illness behaviors [17].
This plethora of studies concerning the link of QoL and

survival, even if they all emphasize the predictive signifi-
cance of QoL, do not explicate the whole relationship in a
single picture. There are several reasons for this. First, the
great majority of these studies employ only baseline mea-
sures of QoL as predictors of survival, assuming implicitly
that the effects are constant, and overlooking the potential
dynamic relationship of QoL and survival. Second, studies
[18–21] that do employ longitudinal measures do not take
full advantage of individual-level methods of analysis,
such as random effects models, to estimate patient-specific
trajectories and the effects of these trajectories on survival.
Third, QoL has been conceptually understood and analyt-
ically employed as a predictor of survival without ac-
knowledging the endogenous nature of the relationship
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between QoL and survival (exogeneity in this case is the
assumption that the level of QoL at any given time is inde-
pendent of the probability of death, apparently a non-valid
assumption in this context).
The primary aim of this study is to unmask the relation-

ship of QoL with the probability of death as they co-
evolve in time. Knowledge of this relationship can be used
to make dynamic patient-specific predictions of survival
based both on the patient’s level of QoL and on patient’s
change in QoL after diagnosis and at any point in the pa-
tient’s illness history. Moving beyond traditional logistic
and Cox regression models, we employ a joint modeling
approach, as suggested by Ibrahim et al., [22] to improve
our understanding of the dynamic relationship between
QoL and survival.

Data and methods

Patients

All participants were enrolled in a randomized controlled
trial to test the effects of a coping and communication sup-
port intervention for advanced cancer patients [23,24]. Par-
ticipants received their care at the MetroHealth Medical
Center or Veterans Affairs Hospital in Cleveland, Ohio
and they were followed for approximately 28 months after
enrollment in the study. Approximately 71% of eligible pa-
tients were enrolled in the study, with recruitment occur-
ring on average 9 to 10 weeks following the diagnosis of
advanced cancer. Inclusion criteria were: age>40 years,
recent diagnosis of advanced stage cancer, not yet referred
to hospice, cognitively intact, and able to speak English.
The original sample consisted of 576 patients diagnosed
with advanced stage cancer. Fifty of them had missing data
in QoL at baseline and were not included in the analysis. In
addition, 14 patients were also excluded from the analysis
because, although they died within the study period, their
exact time of death was not known. The final analytical
sample consisted of 512 participants.

Measurements

We used measures from baseline interviews on patients’
age, gender, race, whether the patient was living alone,
whether the specific cancer diagnosis was a recurrence,
education in years, hospital site, and receipt of chemother-
apy and radiation. In all our models, we adjusted for inter-
vention status and time since diagnosis. Receipt of
radiation and chemotherapy was also assessed and used
in the analysis throughout the following five waves of data
collection (3 months, 6 months, 12 months, 18 months,
and 24 months).
We employed the Functional Assessment of Cancer

Therapy-General (FACT-G) scale to assess QoL though
telephone interviews at all six waves. The FACT-G [25] is
a well-validated, 28-item, QoL measure for cancer patients

with any tumor type. Each item is scored from 0 to 4
(anchored from ‘not at all’ to ‘very much’). FACT-G is a
sum of four sub-scales: Functional Well-Being (7 items),
Physical Well-Being (7 items), Social Well-Being (7 items),
and Emotional Well-Being (6 items). FACT-G can range
from 0 to 108 with higher scores in this scale indicating
higher Quality of Life (QoL).

Statistical analysis

We fitted a series of models at two stages. In the first stage
we fitted (a) a traditional Cox proportional hazard model
where all covariates were assumed to be time independent,
(b) an extended Cox model where QoL, receipt of chemo-
therapy, and receipt of radiation are treated as time-
dependent covariates, and (c) a linear random effects model
to estimate the patient specific trajectory of QoL to be used
as a predictor in a survival model. At the second stage, we
fitted three joint models combining the longitudinal
submodel of QoL having a random intercept and a random
slope with a survival submodel using three different param-
eterizations. The longitudinal model included the same set
of covariates as the Cox models. Joint models are designed
to capture the simultaneous parallel relationship of two
processes, in this case QoL and survival. A joint model
produces a parameter which indicates the strength of the
association of the two processes at any point in time.
We applied the joint modeling framework [26,27] be-

cause (a) QoL contains temporal variation between mea-
surements which is not captured by survival models with
time-dependent covariates, and (b) because QoL is not ex-
ogenous to the probability of death (the value of QoL is
related to the probability of death), an assumption of stan-
dard survival models. To overcome these shortcomings of
the standard survival models that may substantially bias
the results [28,29], we estimate the true individual trajec-
tory of QoL through a random effects model and then
use this ‘true’ trajectory as a time-dependent covariate in
a Cox model instead of the observed QoL measurement.
In the first joint model we estimated the association
parameter of the ‘true’ QoL level at time t and the risk
of death at the same point in time. The second joint model
is a modification of the first, and it involves estimating a
parameter of the change (instead of level) in QoL of an in-
dividual and the risk for death. The final model extends
the second by including both the ‘true’ level and change
in QoL, and by handling the two types of treatment
(chemotherapy and radiation) as time-dependent vari-
ables. We used a spline approximation of the log base-
line risk function with five knots placed at equally
spaced percentiles of the observed event times for all
three joint models and a linear random effects model
to estimate the QoL trajectory. We used R 3.0.1 (R
foundation for Statistical Computing, Vienna, Austria)
for both data management and data analysis. We used
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the ‘survival package’ for the survival models, the ‘nlme’
for the random effects models, and the ‘JM package’ for
fitting the joint models [30].

Results

Sample characteristics

Demographic variables are presented for the analytical
sample in Table 1. The majority of the participants were
male, non-black, were living with someone, and for most
of the participants, this diagnosis was not considered a

recurrence. All participants had a median life expectancy
of 14.2 months or less. There were multiple types of can-
cer represented, including lung 35.5%; gastrointestinal
23.2%; genitourinary 12.5%; head and neck 6.6%; breast
6.8%; and hematologic 2.9%.
Over the 28-month period of study, approximately 10%

(54) had survived and are treated as censored in the
survival models (Table 2). Chemotherapy was more fre-
quently used in all waves as compared to radiation, and
its prescription declined throughout the study from 63%
of the sample receiving chemotherapy at baseline to 35%
of the sample at wave 6 (Table 2).

Survival analysis

At the initial stage of the analysis, we fitted two relative
risks models: First, a Cox regression model with all
covariates constant, including quality of life, measured at
baseline only; and second, a Cox regression model with
QoL exerting time-dependent effects on the hazard of
dying, and controlling for the time-dependent effects of
chemotherapy and radiation (Note: hazard ratios described
in the text are the reciprocal exponentiated log coefficients
shown in the tables). Table 3 presents the results of the
two models. In the conventional Cox regression we
observed that receipt of chemotherapy at baseline was
associated with an increase in the risk of death by about
30% (hazard ratio=1.29). Interestingly, QoL did not have
a significant effect on the hazard of dying in the first Cox
model. In contrast, in the model specified with time-
dependent treatment and QoL effects, we observed that at
any point in time, receipt of chemotherapy was positively
related to the risk of dying by 43% (hazard ratio=1.43)
and receipt of radiation by 44% (hazard ratio=1.44), and
for each unit increase in QoL the risk of dying was de-
creased by almost 2% (hazard ratio=0.98).

Joint models of survival and longitudinal processes

At this stage of the analysis, we estimated three different
joint models of QoL and survival: first, a joint model
assessing the degree of dependence: (a) of the risk of death
at a point in time t with QoL at the same time point; (b)
between change in QoL, captured by a random effects
model, and the risk of death; and (c) between both the

Table 1. Patient characteristics at baseline and median survival

Nominal Levels n %

Female No 345 67.4
Yes 167 32.6

Black No 334 65.2
Yes 178 34.8

Living alone No 360 70.3
Yes 152 29.7

Hospital MH 286 55.9
VA 226 44.1

Intervention No 253 49.4
Yes 259 50.6

Recurrence No 435 85.0
Yes 77 15.0

Chemotherapy No 191 37.3
Yes 321 62.7

Radiation No 388 75.8
Yes 124 24.2

Cancer site
Brain 8 1.6
Breast 35 6.8
Connective tissue 12 2.3
Gastrointestinal 119 23.2
Genitourinary 64 12.5
Gynecologic 28 5.5
Head and neck 34 6.6
Hematologic 15 2.9
Lung 182 35.5
Unknown 15 2.9

Continuous Mean SD
Age 61.1 10.2

Education 12.8 2.3
Months since diagnosis 3.1 3

Median survival 14.2 months
N 512

Table 2. Descriptive statistics for chemotherapy and radiation, and QoL for each wave

Levels Baseline 3 months 6 months 12 months 18 months 24 months

Categorical variables % (count)
Chemotherapy No 37 (191) 43 (170) 50 (151) 62 (105) 68 (89) 65 (40)

Yes 63 (321) 57 (227) 50 (151) 38 (64) 32 (42) 35 (22)
Radiation No 76 (388) 79 (315) 91 (274) 89 (151) 88 (115) 85 (53)

Yes 24 (124) 21 (82) 9 (28) 11 (18) 12 (16) 15 (9)

Longitudinal process Mean (SD)
QoL 68.1 (16.5) 66.7 (16.6) 68.9 (17.3) 70.4 (16.6) 71.4 (15.8) 74.3 (14.8)
N 512 397 302 169 131 62
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level and change of QoL on the risk of death. Table 4 pre-
sents the results of the three models in the same sequence
enumerated above. Receipt of chemotherapy had a signif-
icant effect on survival in all models. The highest depen-
dency was noted in the third model where receipt of
chemotherapy increased the risk of dying by 53% (hazard
ratio=1.53).
QoL was associated with the risk of death both in terms

of level of QoL presented in models 1 and 3, and in terms
of change of QoL presented in models 2 and 3. According
to the model fit criteria AIC (Akaike Information Crite-
rion) and BIC (Bayesian Information Criterion) model 3
had the best fit (lower values of both AIC and BIC indi-
cate better model fit). Looking at the third joint model,
each one unit increase in QoL decreased the risk of death
by 3% (hazard ratio=0.97). More noticeable was the sig-
nificant effect of the change of QoL on the risk of death
controlling for the level of QoL. For each unit increase

in the trajectory of QoL the risk of death decreased by
about 82% (hazard ratio =0.18).
Figure 1 (supplement) presents the joint relationship

captures in our models. The survival probabilities of a
randomly selected patient are dynamically updated (right
side of each plot) because of new measurements in QoL
that affect the overall trajectory in the patient’s QoL.

Discussion

We studied the relationship between QoL and survival
dynamically and in greater detail that has been previously
reported in the literature. We have conducted an advanced
statistical analysis of the relationship of QoL and time to
death relying on parameters estimated from a series of
joint models, and from which less biased inferences can
be drawn [22,31]. We estimated the relationship of base-
line QoL on survival, the relationship between QoL at
any point in time and survival, and through a joint model-
ing framework the relationship between change in QoL
and survival. The consistent significant results of this
relationship across models in this study strongly suggest
that change in QoL of advanced stage cancer patients is
a predictor of survival even after conditioning on the level
of QoL. We found that, it is not whether patients with
advanced-stage cancer have high or low QoL at baseline,
but change in QoL that is associated with survival. Under-
standing the dynamic relationship of QoL and survival
may aid in providing care that extends life while maintain-
ing the QoL of the patient.
The finding that the specific patient QoL trajectory

(whether increasing or decreasing) is strongly associated
with survival independent of the time-specific level of
QoL is a novel finding with potentially important implica-
tions in medical decision making in terms of refining and

Table 3. Results of the two survival models: with time-independent
and time-dependent covariates

Cox PH Cox PH with TD Cov.

Estimate
Std.
err p-Value Estimate

Std.
err p-Value

Age 0.01 0.01 0.083 0.01 0.01 0.010
Female �0.16 0.13 0.223 �0.22 0.14 0.132
Black �0.08 0.11 0.463 �0.05 0.11 0.634
Education �0.01 0.02 0.597 0.00 0.02 0.908
Living alone 0.21 0.11 0.060 0.07 0.12 0.544
Wks. from diagnosis �0.02 0.01 0.003 �0.02 0.01 0.001
Site (VA) �0.18 0.14 0.198 �0.19 0.14 0.174
Intervention �0.03 0.10 0.768 0.01 0.10 0.911
Recurrent cancer 0.08 0.16 0.595 0.07 0.16 0.675
Chemotherapy 0.26 0.12 0.022 0.36 0.11 0.001
Radiation �0.09 0.12 0.492 0.37 0.13 0.002
QoL 0.00 0.00 0.231 �0.02 0.00 <0.001

Table 4. Parameter estimates, standard errors, and p-values for three joint models

Joint Model 1 Joint Model 2 Joint Model 3

Estimate Std. err p-Value Estimate Std. err p-Value Estimate Std. err p-Value

Age 0.01 0.01 0.015 0.01 0.01 0.341 0.02 0.01 0.020
Female �0.17 0.13 0.208 �0.12 0.17 0.497 �0.14 0.18 0.433
Black �0.08 0.11 0.483 �0.07 0.14 0.611 �0.10 0.15 0.511
Education 0.00 0.02 0.963 0.00 0.03 0.873 0.02 0.03 0.570
Living alone 0.19 0.11 0.086 0.32 0.14 0.028 0.37 0.16 0.017
Wks from diagnosis �0.02 0.01 0.004 �0.03 0.01 0.000 �0.03 0.01 0.000
Site (VA) �0.20 0.14 0.143 �0.15 0.18 0.378 �0.24 0.19 0.193
Control �0.02 0.10 0.830 �0.03 0.13 0.799 �0.04 0.14 0.772
Recurrent cancer 0.05 0.16 0.727 0.21 0.20 0.298 0.18 0.21 0.406
Chemotherapy 0.26 0.12 0.023 0.34 0.15 0.021 0.43 0.16 0.008
Radiation �0.13 0.13 0.318 �0.11 0.16 0.501 �0.24 0.17 0.166
QoL level �0.02 0.00 0.001 �0.03 0.01 0.002
Qol change �1.86 0.34 <0.001 �1.68 0.34 <0.001
AIC 16,143.53 16,118.25 16,108.32
BIC 16,296.67 16,271.38 16,265.71
�Log.lik �8035.764 �8023.123 �8017.16
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adapting interventions and treatment strategies for cancer
patients. Our main contribution is that medical decision
making can be improved by updating predictions of
survival. Our main goal in this paper was to explore if
changes in QoL can assist clinicians to make dynamic es-
timates of survival, at the individual level, and potentially
modify treatment based on these updated estimates. QoL
measures at diagnosis are already applied by clinicians
to make survival predictions. In this paper we suggest that
updating survival predictions based on longitudinal
changes in QoL has two benefits: (a) dynamically updated
predictions of survival, and (b) adaptation of disease man-
agement to reflect the updated predictions of survival.
Combining medical expertise with the survival probability
of a patient that takes into account the patient’s longitudi-
nal trajectory in QoL would enable care providers to make
better informed decisions and dynamic patient-specific
predictions, and thus improve clinical outcomes. This
can be achieved by updating the prognostic estimate for
survival of a patient based on the totality of the patients
QoL experience (level and change) and adapting treatment
strategies to reflect this experience. Patients not only expe-
rience different levels of QoL but also their QoL changes
in different ways in their disease trajectory. Explicating
the nature of QoL experience and integrating it into an in-
dividualized treatment plan that addresses the course of
the illness in a continuum may improve patient outcomes
in terms of both QoL and survival. Even when the profile
of the patient’s history does not present a continuous dis-
ease progression, as it may be the case when treated with
multiple lines, knowledge of QoL change can be useful to
identify the optimal treatment plan, which will benefit the

patient most and at the same time being sensitive to patient
preferences. This is especially critical in the care for
advanced-stage cancer patients where the decision for
tumor-shrinkage or tumor-stabilization therapy, mainte-
nance, or palliation therapy is not easily reached [32].
Although not the central focus of this study, we should

also note the finding of a downward significant trend in
QoL after diagnosis derived from the joint model specifi-
cation. The estimate of change in QoL in the joint models,
which models the dropout through a shared parameter
model [33], indicates that there is a significant decline in
QoL in patients as they were experiencing their illness.
This finding suggests that dropout because of death is
not missing at random (NMAR), and it needs to be
modeled [34]. The consequences of ignoring dropout
because of death when investigating QoL issues may be
detrimental to inference and prediction of survival [26],
as well as, in QoL studies in general because, at least in
this study, ignoring dropout biases the estimate of the
QoL trajectory upward.
Our analyses have several important limitations. The

generalizability of results is a consideration, because the
patients with advanced cancer in this study were part of
a randomized controlled trial that was testing a coping
and communication support intervention over time. The
great majority of patients were economically disadvan-
taged, and approximately 35% were African Americans.
Whether these results would apply to other patient groups
is not clear. Future analyses of this type would benefit
from larger sample sizes and extended follow-up with pa-
tients who are living with advanced cancer. Replication
and validation of the model are needed in different

Figure 1. Conditional survival probabilities at each time point for a randomly selected patient based on the best joint model. The vertical
dotted line represents the time of the last QoL measurement. On the left of this line is the longitudinal trajectory of QoL up to this point, and
on the right the solid line represents the median survival estimation of this specific patient and the dashed lines the 95% confidence interval
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populations and clinical settings and using a variety of
QoL measures. In this study we examined the QoL and
survival relationship without stratifying by cancer type
but at an aggregated level assuming homogeneity of
effects on the basis that all patients were diagnosed with
advanced stage cancer. It is possible that the longitudinal
relationship between QoL and survival differs among
cancer types, as it has been shown to be the case with
QoL measured at baseline [7], and future work should in-
vestigate this. We also did not have available in our
dataset a performance status measure, which has been
shown to be related to survival. It is possible that some
of the effects of QoL on survival may be accounted by
performance status, although it has been shown that
patient-reported QoL has unique contribution as a prog-
nostic measure independent of performance status and
other biomedical indicators [9]. In addition, although we
conditioned on receipt of radiation and treatment longitu-
dinally in the analysis, we did not explicitly test for the
potential moderating or mediating effects of treatment in
the QoL and survival relationship. Finally, the patients’
reports of QoL may not reflect real changes in their QoL
but rather their perception of their QoL. Their perception

may shift based on expectations, values and other internal
to the patient processes (an adaptation named ‘response
shift’) [35]. This a complex phenomenon, and we have
not addressed it here.
The results of this study are consistent with the results

of a limited number of studies that examine the relation-
ship of change in QoL and survival [18,20,21,36]. How-
ever, the present study is the only one to our knowledge
that addresses the endogenous relationship of QoL and
survival through a joint modeling framework, and esti-
mates the patients’ probability of survival based on the
totality (level and change) of QoL experience. It has been
suggested that integrating patient-reported outcomes
(PRO) in the routine assessments of clinical symptoms
and survival in clinical trials can aid in the understanding
of clinical outcomes [37]. It is our hope that the modeling
approach presented in this paper will enhance the under-
standing and interpretation of quality of life in longitudi-
nal datasets, and generate findings that will be useful in
both clinical trials and patient care. This is especially
important in advanced cancer where QoL may become a
priority for the patients over extending life [38], or in the
realization that their illness is terminal [39].
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