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Abstract

Objective: Successful cancer treatment is defined as an increase in overall survival and/or progression-
free survival. Despite their importance, these metrics omit patient quality of life. Quality-adjusted time
without symptoms or toxicity (Q-TWiST) was developed to adjust survival gained, accounting for
quality of life. The purpose of this systematic review was to assess the methods reported in cancer
literature to determine Q-TWiST values and how these are currently translated to the clinic.

Methods: The Preferred Reporting Items for Systematic Reviews and Meta-analyses guidelines were
used to conduct a systematic review of studies indexed on MEDLINE and Web of Science through
April 2013. Cancer studies that measured Q-TWiST either as a primary outcome or retrospectively
and determined utility coefficients from a patient population were identified, and their methods
reviewed to determine how the utility coefficient was calculated. Additionally, other relevant factors
such as definitions of health states and significant findings were collected and summarized.

Results: Out of 284 studies, 11 were identified that calculated patient-defined utility coefficients.
Several methods to determine utility coefficients were reported, and multiple definitions of health state
toxicity were applied. Of these studies, seven reported significant differences (p < 0.05) in quality-
adjusted survival. No studies, however, directly discussed the clinical relevance of their findings.

Conclusions: Currently, Q-TWiST is utilized as a mathematical theory rather than a clinical tool.
Standardization of terminology plus reliability and validity testing of determining both utility coeffi-
cients and time frame definitions must be performed before Q-TWiST can become clinically useful
to physicians and patients alike for making treatment decisions.
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Introduction

The endpoint of many cancer clinical trials is overall
survival (OS) time, progression-free survival (PFS), or
relapse (REL). Despite their given importance, however,
these measures do not formally account for the quality
of life (QoL) that a person has from survival gains and
whether it is of better quality than other treatments. A
method to capture the QoL sustained (or lost) owing to a
specific treatment regimen was developed by Goldhirsch
et al. and is called quality-adjusted time without symp-
toms or toxicity (Q-TWiST) [1].

The Q-TWiST is based on time without symptoms or
toxicity (TWiST), which was developed in 1987 as sur-
vival analysis tool for cancer [2]. Q-TWiST quantifies
data from patient-reported outcome (PRO) tools into
survival calculations. By using a utility coefficient (i.e.,
the weight that the given stage has) and the amount of
time spent in the different health states of disease, OS is
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adjusted to reflect the quality of that time. Utility, derived
from the economic literature, is a broad concept that
embodies preferences for a given state of being often
relating to a good (a physical product, such as prescription
medications or chemotherapy) or service (an action or work
carried out for someone, such as clinical consultation).

The Q-TWiST involves three states: (1) toxicity (TOX);
(2) TWiST; and (3) REL (or disease progression). The
time spent in each of these states is multiplied by the
utility coefficient for that state as follows:

Q-TWiST = uTOX+TOX + uTWiST*TWiST (H
+uREL*REL

Utility coefficients range on a scale from 0 (worst stage
imaginable or death) to 1 (perfect health). The utility
coefficient can be measured directly (e.g., using the
standard gamble method), indirectly using QoL ques-
tionnaires (e.g., the EQ-5D) to determine proxy utility
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coefficients, or they can be arbitrarily set. For example, if
TWIiST is equal to the most desirable value (i.e., utility
coefficient of 1, which is equal to perfect health) and a
day of chemotherapy TOX is only worth half of that (i.e.,
the quality of 2 days of experiencing toxicity is equal to
having 1 day of perfect health), then the utility coefficient
of TOX is 0.5. The interpretation of this measure is spe-
cific for the condition or disease, the treatment(s) studied,
the utility coefficients applied, and the time frame that was
studied [3].

The Q-TWIiST calculations can be conducted prospec-
tively using PROs as part of a clinical trial to measure
utility coefficients or retrospectively calculated using pre-
viously obtained data or arbitrarily set coefficients [3]. In
order to generalize the Q-TWiST information, sensitivity
or threshold analyses can be conducted [4]. These analy-
ses, which set the TWiST state to 1, project the entire
range of Q-TWiST outcomes for differing combinations
of utilities of TOX and REL.

Since the original description of Q-TWiST in 1989, the
variability of cancer treatment regimens has led to an
expansion of the Q-TWiST model. The traditional model
of three health states has been expanded to include succes-
sive treatments, allowing each separate treatment protocol
to be accounted for individually [5-7]. Murray et al.
calculated the variance and sample size equations for
Q-TWiST analyses to design appropriately powered trials
[8]. Taking Q-TWIiST one step farther, Cole et al. incorpo-
rated regression variables into the Q-TWiST analysis,
creating a Q-TWiST—Cox regression hybrid analysis and
accounting for other variables of survival [9]. In addition
to expanding analyses, several types of Q-TWiST plots
have been developed to graphically portray the findings
of specific Q-TWiST calculations as well as the broader
threshold analyses [10]. Finally, Q-TWiST has been
adapted and applied to other conditions, such as AIDS,
multiple sclerosis, and vascular disease [11-13]. Given
the numerous issues presented with its use in oncology
research, the purpose of this review was to assess the
methods reported in the cancer literature to determine
Q-TWIiST values and how they are currently translated
to the clinic.

Materials and methods

Review protocol

This study was conducted utilizing the Preferred Re-
porting Items for Systematic Reviews and Meta-analyses
guidelines [14]. No formal review protocol exists beyond
this paper. The protocol for this study has not been regis-
tered with any registry website that documents methods of
reproducing systematic reviews.

The Assessment of Multiple Systematic Reviews
(AMSTAR) measurement tool was used to assess this
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review [15]. The AMSTAR guidelines, published by Shea
et al., describe 11 criteria that assess the methodological
quality of systematic reviews. Applicable criteria outlined
by the AMSTAR guidelines were met, as described in
greater detail later.

Human subjects

This project did not include human subjects, as none of
this information is private, is individually identifiable, or
was obtained through intervention or interaction with
human beings. Institutional review board approval was
not necessary.

Inclusion/exclusion criteria

Studies were included if the target disease was cancer and
Q-TWiST was quantitatively assessed. A subset of studies
was further reviewed if the utility coefficients were deter-
mined from the subject population or another patient
population relevant to the study sample. Studies were
excluded if they did not directly measure QoL using the
Q-TWiST method (e.g., quality-adjusted life years
(QALY)) or measured a disease state other than cancer.
Conference proceedings were not included as either they
did not thoroughly describe the determination of the utility
coefficients or the study was published fully elsewhere.
Meta-analyses were included if an author presented new
Q-TWIiST calculations.

Search strategy

PubMed, Web of Knowledge, and the Cochrane Library
were all searched using the term ‘Q-TWiST’. All data-
bases limited the search to English papers and searched
all literature up through 30 April 2013. PubMed utilized
the following additional limits: human and cancer. Web of
Knowledge searched for Q-TWiST separately under topic
and terms. The Cochrane Library searched for Q-TWiST
under title, abstract, or keywords and searched all available
databases. Additional articles were included if referenced in
an included study but not identified through the database
search.

English-only papers were abstracted as the primary
reviewer (W.T.) only speaks English. The databases
chosen were based on institutional availability. No addi-
tional contact with authors of the downloaded papers was
made. Reference management was carried out through
REFWORKS 2.0 (RefWorks COS, Bethesda, MD).

Review of studies

Studies were screened and reviewed independently by the
primary author (W.T.). Initial parameters of interest were
determined prior to screening studies in order to reduce
the risk of bias. These included demographics of the
studies (e.g.,number of subjects, clinical trial protocol,
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and site and stage of cancer); whether the utility coeffi-
cients were measured directly or indirectly or arbitrarily
constructed; treatments studied; whether the study
found a difference by utilizing the Q-TWiST method;
and whether that finding was statistically significant
and/or clinically relevant. Upon study of the selected
papers, additional information regarding the methods
used to quantitate the utility coefficient and formula
to calculate Q-TWiST was abstracted and analyzed.
Unless otherwise described in the source paper, it was
assumed that only one measure was taken to estimate
the utility coefficient for any given health state. Ab-
stracted study data were reviewed by a second reviewer
(G.S.) to determine if any additional data items should
be obtained.

This study qualitatively assessed the prevalence of
assessing Q-TWiST as part of cancer treatment. Although
the actual finding of whether the treatments studied had a
difference in quality-adjusted survival was reviewed, it
was not the primary endpoint of this review.

Results

Studies

Two-hundred and eighty-four papers (69 from PubMed,
117 from the topic search of Web of Knowledge, 52
from the title search of Web of Knowledge, and 46
from the Cochrane Library) were initially identified
through the database analysis described in the Materials
and Methods section. Three additional papers were iden-
tified through reference checks. After duplicates were

(" Records identified through
| database searching |
(= 284) L
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removed (the same reference being identified through
multiple search engines), 137 studies remained. Of these
137 studies, 126 studies were discarded as described in
Figure 1, leaving 11 studies that reported patient-
derived utility coefficients. Of the remaining 11 studies,
five were breast cancer trials, and one study was pub-
lished in each of the following cancer sites: colon/rectal,
melanoma, lymphoma, lung, renal, and prostate (Table 1).
All Q-TWIiST analyses were performed as either sec-
ondary objectives or retrospective analyses of random-
ized controlled trials. Trials ranged from 95 to 1400
subjects. Seven studies (63.6%) reported a significant
difference in at least one measure of quality-adjusted
time. No study performed a power analysis of the
Q-TWiST objective.

Calculation of utility coefficients

The method for calculating the utility coefficients varied
between studies. Most studies utilized a health index,
whereas other studies had a battery of health question-
naires. The EQ-5D and the subjective health estimation
were used to calculate utilities in two studies (18.2%)
each [19,20,26,22]. Three (27.3%) studies used utility
weights from non-study participants with similar cancers
[24,23,17]. Two studies (18.2%) used utility scores esti-
mated by oncology professionals [16,18].

Two (18.2%) studies explicitly stated that they used the
median or average score of multiple assessments to
calculate the utility coefficient [25,19]. One other study
only performed sensitivity analyses on several values of
health states [21].

" Additional records identified |
threugh oiher sources |
(n=3)

!

(=137

LS

| Records afier duplicates removed

|

‘. Reconds screened

(n=137)

assessed for eligibility
(n= 79)

Engionity | [ screening | [ 1dentincation |

"f Full-text articles

Studics includedin |
qualitative synthesis |
fo= 11)

|

Included

Physics papers (n= 16)
Conference proceedings (n = 15)
Response to Author/Letter to Editor (n = 9)

(% Mot cancer-related (n = 18)

Not cancer-related (n = 8)
Review aticles with no new data (n = 13)
Does not assess Q-TWIST (n = 9)
Utility coefficients not di measured (n = 38

Figure |. Preferred Reporting Items for Systematic Reviews and Meta-analyses flowchart documenting the number of studies meeting
inclusion criteria and reasons for exclusion from the review on the basis of the study’s search strategy [14]
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Table I. Description of studies that measured Q-TWiST utility coefficients directly or utilized a previously determined coefficient in a

similar population (n=11)
Primary Study
author Year Number of protocol
(citation) published Cancer subjects number Treatments studied Finding
Fairclough [16] 1999 Breast; hormone 163 EST-3189 Six cycles of cyclophosphamide, | 6-week treatment experienced
receptor negative, doxorubicin, and 5-fluorouracil increased Q-TWIST over the
node positive (CAF) or a | 6-week regimen 6-cycle treatment (p < 0.05)
Kilbridge [17] 2002 Melanoma; high-risk, 95 E1684 and EI690/ Adjuvant IFNo2b chemotherapy — 77% had slightly increased
resected, cutaneous SOLTT/CI190 versus observation quality-adjusted survival (NS)
Nooij [ 18] 2003 Breast; post- 204 None Post-induction chemotherapy Treatment increased quality-
menopausal, versus no treatment adjusted survival to 8.4 months
non-progressing, from 7.9 months (NS)
metastatic
Bernhard [19] 2004 Breast; 1398 Breast Cancer Tamoxifen versus CMF Combo improved the health state
post-menopausal Study Group followed by tamoxifen and overall survival for ER-negative
Trial X women (p =0.03); no benefit for
ER-positive women
Bernhard [20] 2008 Breast; 6 weeks 344 IBCSG Trial Standard dose chemotherapy DI epirubicin and cyclophosphamide
post-surgery 15-95 (AC or ECx4 followed by administered with filgrastim and
CMFx3) or DI ECx3 progenitor cell support (DI-EC) had
a slight gain in quality of life (NS)
Sherrill [21] 2008 Breast; advanced 399 None L+ C versus capecitabine L+ C combination had an increase in
or metastatic Q-TWIST of at least 4 months for all
HER2+, progressive utilities for relapse under 0.9; increase
disease after in Q-TWIST of 6.1 weeks with the
previous treatment observed coefficients (p < 0.05)
Zbrovek [22] 2010 Renal; stage IV 626 Global ARCC Temsirolimus versus IFNo Mean survival of temsirolimus was
or recurrent versus combination 1.9 months longer than IFNa or
combo group (p =0.0005);
|.8 months in the TWIST state
(p=0.0015)
Marcus [23] 2010 Non-Hodgkin's 321 M39021 R-CVP versus CVP alone R-CVP gained a mean of
lymphoma; advanced 15.17 months; | 1.30 months less
follicular time in relapse, no increase in
toxicity; 8.33 months longer
Q-TWIST compared with CVP
(p<0.001)
Rosendahl [24] 1999 Prostate; T, N, and G 297 EORTC Orchiectomy versus Zoladex Drug combo increased Q-TWiST
categories categorized Trial 30853 and flutamide 5.3 months (NS)
as MI, no previous
systemic treatment
Jang [25] 2009 Non-small cell lung 359 JBR.10 Adjuvant vinorelbine and Adjuvant therapy increased
cisplatin versus observation Q-TWIST by 5-6 months, on
average (p < 0.05)
Wang [26] 2011 Colon, rectal; 243 None BSC versus panitumumab + Combo increased quality-adjusted

metastatic with
wt-KRAS

BSC, cross-over study design

progression-free survival to

12.3 weeks from 5.8 weeks;
73-104% increase in

median progression-free survival
(p<0.0001)

Demographics, including author, year published, cancer site/state, number of subjects in the study, protocol number, treatments studied, and a brief discussion of the study’s findings
for the |1 studies that met all of the inclusion criteria for the study (n= ) are summarized.
Q-TWIST, quality-adjusted time without symptoms or toxicity; NS, not statistically significant; CMF, cyclophosphamide, methotrexate, and 5-fluorouracil; ER, estrogen receptor; DI,
dose intensive; BSC, best supportive care; L+ C, lapatinib + capecitabine; CVP, cyclophosphamide, vincristine, and prednisone; R-CVP, CVP + rituximab.

One study [25] estimated utility coefficients using three

different methods and then compared each of those

methods with arbitrarily assigned utility coefficients.
Regardless of the method used, a statistically significant
gain in quality-adjusted time (approximately 5—6 months
in non-small cell lung cancer) was seen with the addition
of adjuvant therapy.

Copyright © 2014 John Wiley & Sons, Ltd.

Toxicity

Upon review, it was found that the definition of TOX
differed between studies, each definition calculating the
utility coefficient differently. Two broad definitions were
identified in the present analysis. The first definition was

based on treatment duration. As long as the subject was
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undergoing treatment for cancer, they were considered in
the TOX stage, regardless of whether adverse events were
experienced. Three (25%) studies used this definition of
TOX [16,18,19]. The second definition of TOX in the
literature was based on adverse events. This category
could be further defined via two sub-categories: (1) the
number of days that a subject experienced an adverse
event and (2) the assignment of a fixed period for the
experience of an adverse event. In the first sub-category,
the time a subject experienced an adverse event was
accounted according to day. In the second, the report
of a specific adverse event would be assigned a period
that accounts for not only the TOX that a subject expe-
riences but also the recovery time associated with the
event. From the limited methods provided in the eight
studies that utilized this second definition, four (50%)
measured days of adverse events, whereas the other four
(50%) assigned a more standard time value to categories
of adverse events. Adverse events that were considered
to affect QoL were defined on a protocol-by-protocol
basis. Most studies set a threshold of a grade III or
grade IV event that was not a laboratory event, which
means that the subject could feel the effect of the event,
theoretically impacting their QoL [20,21,26,22]. One
study set grade II as the threshold [25]. The prostate
study picked the most common life-altering adverse
event and calculated TOX on that event alone [24].

Time without symptoms or toxicity

In the mathematical model of Q-TWiST, the TWiST state
is set equal to 1 (perfect health). When derived from
patient questionnaires, this value was found to be less than
1 in every study (Table 2). Likewise, the range of values
that were obtained for both the TOX and REL states
varied in range between studies.

Table 2. Utility coefficients for toxicity, relapse, and TWIST states
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Relapse

Most studies utilized right censoring if an event (regres-
sion or death) was not experienced by the end of the study
[19-21,26,22,23]. For studies that had varying follow-up
times, the restricted means method was often utilized. This
method uses the median follow-up time as the length of
overall follow-up. Four (36.4%) studies used the restricted
means method in their Q-TWiST analysis [25,16,18,24].

Arbitrarily assigned utility coefficients

In addition to the 11 studies that calculated utility coeffi-
cients, 38 studies analyzed Q-TWiST by assigning arbi-
trary utility coefficients, utilizing a sensitivity analysis,
and/or performing a threshold analysis for both TOX
and REL [1,2,5-9,27-57]. Seven studies used clinical trial
data to provide an example of the mathematical models of
Q-TWiST and did not specifically assess the treatment
protocol [8,9,27-31]. In these 38 studies, TWiST was
always assumed to be 1 (perfect health). Commonly used
TOX and REL utility coefficients included 0.25, 0.5, 0.75,
0.8, and 1. Most studies found that there was a threshold
of utility coefficient pairings that favored one treatment
over another [6,32,33]. A few studies showed a preference
of one treatment over another treatment at all utility
pairings [34]. Some studies paired this information with
information about QALY [35-40].

Meta-analyses

Three meta-analyses met the inclusion criteria for this
study. Cole et al. reported a meta-analysis of eight trials
where no patient-level data were available and attempted
to assess the trade-offs of adjuvant chemotherapy in breast
cancer [58]. The authors concluded that individual patient
data were not required if the results of the overall Q-TWiST
analysis were available. This was carried out by assuming
the mean duration of time in TOX on the basis of previous

Cancer (study author, year, citation) Method of determination TOX REL TWIiST
Breast (Fairclough, 1999, [16]) 0.9 (CAF), 0.8 (16 weeks) 0.6

0.8 (CAF), 0.7 (16 weeks) 05
Breast (Nooij, 2003, [18]) 054 029 073
Breast (Bernhard, 2004, [197]) 0.89 0.71 091
Breast (Bernhard, 2008, [20]) 077 077 091
Breast (Sherrill, 2008, [21]) Patient questionnaires 09 0.65 Normalized to |
Colorectal (Wang, 2011, [26]) Patient questionnaires 0.6008 0.6318 0.7678
Renal (Zbrozek, 2010, [22]) 0.585 0.587 0.689
Lung (Jang, 2009, [25]) Patient questionnaires 0.57-0.86 0.50-0.83 0.75-1.0
Lymphoma (Marcus, 2010, [23]) 0.618 (assumed) 0618 1.0 (assumed)
Melanoma (Kilbridge, 2002, [17]) No means provided
Prostate (Rosendahl, 1999, [24]) 098 0.93/0.88 N/A

The utility coefficients and how they were measured from the || studies that derived patient coefficients for each health state: toxicity (TOX), relapse (REL), and time without

symptoms or toxicity (TWIiST) were extracted from each paper and tabulated.

Copyright © 2014 John Wiley & Sons, Ltd.
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studies, as well as assign arbitrary utility coefficients
(utox =urgL = 0.5) and the utility coefficient for the TWiST
state as 1. In addition to performing a bootstrap analysis to
strengthen the statistical assessment, a threshold analysis
was performed to cover all possible utility combinations.

Also, in 1995, the same group reported a meta-analysis
of the same eight trials as mentioned earlier but using
some patient-level data for defining time frames for each
health state [59]. Similar to the Cole et al. [58] meta-
analysis, utility coefficients were assigned arbitrarily, and
a threshold analysis was performed by Gelber et al. [59].
Very similar results regarding the quality-adjusted survival
for treatment were found.

Gelber et al. also conducted a meta-analysis for adju-
vant tamoxifen in early breast cancer [60] Again, similar
to Cole et al. [58] meta-analysis, Q-TWiST values from
each of the nine studies were used in the meta-analysis,
but no patient-level data were obtained. All three meta-
analyses yielded threshold analyses and hypothetical
survival curves for quality-adjusted survival in breast
cancer, but no conclusions were presented regarding
clinical relevance.

Discussion

Of the 284 total initial articles, this systematic review
found 11 studies that specifically measured the utility
coefficients for Q-TWiST health states in cancer since its
debut in 1989. An additional 38 studies and three meta-
analyses were identified that used a threshold analysis
and/or used arbitrary utility coefficients. Many of these
studies were retrospective analyses of previous trial data
where the original trial never intended to collect data to
specifically measure Q-TWiST. The majority of studies
that applied the Q-TWiST method were in breast cancer,
which was the original condition to which the Q-TWiST
model was applied. Although almost two-thirds of the
studies found a statistical difference in quality-adjusted
survival, no studies described whether the difference seen
was clinically significant or followed up with subjects to
validate the quality or value of the gain in time experienced.

This study improves on the current research in that it
updates the work of Revicki et al. to specifically examine
patient-derived utility coefficients and the methodology
regarding how they are collected [61]. It also articulates
the inconsistencies in this method of assessing patient-
reported utilities, in that utility (or its proxy) can be mea-
sured through a direct approach (i.e., standard gamble) or
estimated via patient health indices (such as the SF-36 or
EQ-5D), via a proxy measurement (such as physician
assessment), or arbitrarily through sensitivity analyses
making use of a range of utility values. Revicki et al.
highlighted that many studies do not prospectively collect
QoL data [61]. The current work suggests that this para-
digm has not changed.

Copyright © 2014 John Wiley & Sons, Ltd.
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Although a valuable tool for physicians, the current
application of Q-TWiST often appears as a mathematical
model rather than a clinical tool that can be applied
directly in patient care. That is, seven studies used clinical
trial data purely to illustrate their mathematical model, and
38 of the 49 total studies assigned arbitrary coefficient
values. Studies are difficult, if not impossible, to compare
directly given that different timelines, utility coefficients,
and TOX definitions are utilized. Even among the same
research group, methods for determining a patient-derived
utility coefficient varied between studies. The definition of
TWIiST is not universal, and although the definition may
not change the statistical significance of one treatment
regimen over another, it can completely change the
interpretation. ‘Perfect health’” may not be the same as
‘the best health expected for this disease’ to a cancer
patient, highlighting the fact that the source of the utility
coefficient can bias the measure. In one study reviewed
here, the physicians determined the utility coefficient.
Work published by Einstein e al. found that, in ovarian
cancer, the provider’s utility coefficient was higher than
the patient’s utility coefficient [62]. Although statistical
significance is determined and discussed, clinical signifi-
cance is conspicuously absent from most studies. Only
one original paper addressed the range of Q-TWiST
values that would constitute a clinically important differ-
ence [61]. In this review, beyond Revicki’s work, only
two studies that discussed the calculation of Q-TWiST
with utility values derived directly from the patient were
found [21,61,23]. Another publication [41] also men-
tioned the lack of discussion regarding clinically impor-
tant differences. Additional research is needed to solidify
definitions, determine the best method to reliably calculate
direct utility coefficients from patients, determine what
amount of increased QoL is clinically relevant, and validate
all of these methods. Creating standards for definitions,
utility measurement and clinically relevant differences will
also strengthen Q-TWiST’s validity as a PRO that can be
used in FDA-approved labeling information.

Even with these shortcomings, Q-TWiST improves
upon the current benchmarks of OS and PFS by adding
QoL. Q-TWiST is a useful tool when comparing treat-
ments that are unclear on which is more beneficial, such
as when treatments have very different TOX profiles,
when comparing two very different treatments (e.g., drug
versus surgery), and when comparing treatment with a
longer survival time but significant TOX versus no treat-
ment. The concept of including QoL can provide patients
and their caregivers with additional information critical to
making treatment decisions. Persons with cancer would
benefit from having available to them information about
not only how much time they may gain from a specific
treatment but also of what quality that time has. Patients
may find value in the ability to weigh both the expected
time spent in a specific health state and the quality of that

Psycho-Oncology 24: 253-261 (2015)
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state. The added value of Q-TWiST is that it allows a
person to see what length of time they may expect to be
in a state, such as TOX, and the utility of that health state
versus just seeing the total gain in life years. This can be
compared with another treatment, which may have a dif-
ferent length of time in TOX and a different utility value
for the state. This information is beneficial to physicians
when deciding what course of treatment, if any, would
be in their patient’s best interest. Q-TWiST analyses
should be considered when writing and executing a clini-
cal trial to further the body of evidence of the effective-
ness of well-rounded treatment that includes the social
and emotional parts of health, as well as the physical.
There were some notable limitations in the current
review. Only one reviewer performed the initial screening
of studies. This limitation may have impacted the interpre-
tation of results by introducing bias in the selection of
studies (there was no ‘double-check’ to ensure that all
appropriate studies were included for review). Studies
had to be written in English in order to be included, poten-
tially limiting the total number of studies available to be
reviewed. In addition, the authors did not have access to
Embase, which introduced the potential to miss some
articles, particularly those of solely European origin.

Future research

This systematic review highlights the need for empirical
research to be conducted to determine the mean utility co-
efficients for both different types of cancer and different
health states (TOX, REL, and time without treatment or
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symptoms). A small surge of work in this area occurred
in 2012; however, these studies were limited in that they
focused on a specific stage of cancer and the utility deter-
mined by non-cancer patients [34,62,52]. In addition to
obtaining utility coefficient values, a systematic manner
of applying these coefficients to standardized, defined
health states must be developed to ensure that differences
seen between studies can be compared.

Conclusion

The Q-TWIiST applies patient utility coefficients for three
health states (TOX, time without treatment or symptoms,
and REL) to the length of time a patient is in the corre-
sponding health state. The addition of the utility coeffi-
cient adjusts the time associated with a given treatment
to account for the patient’s QoL. In the present study, a
systematic review of the literature, 11 studies that utilized
utility values from health questionnaires, patient evalua-
tion, or oncologist expertise were identified. This review
found that the definitions and utility coefficients varied
between studies. Because of the inconsistencies between
studies, Q-TWiST is currently utilized as a mathematical
theory rather than a clinical tool. Several things must be
carried out before Q-TWiST can become clinically useful
to physicians and patients alike, including the standardiza-
tion of terminology, reliability and validity testing, deter-
mining both utility coefficients and time frame definitions,
and finally, patient and physician feedback on its usefulness
in treatment decisions.

References

. Goldhirsch A, Gelber RD, Simes RJ, Glasziou
P, Coates AS. Costs and benefits of adjuvant

for patients with aggressive lymphoma in first
complete remission. Groupe d’etude les
lymphomes de I’adulte (GELA). Blood 2000;
95(12):3687-3692.

. Gelber RD, Goldhirsch A, Cole BF, Wieand HS,
Schroeder G, Krook JE. A quality-adjusted time

Copyright © 2014 John Wiley & Sons, Ltd.

without symptoms or toxicity (Q-TWiST)
analysis of adjuvant radiation therapy and
chemotherapy for resectable rectal cancer. J Natl
Cancer Inst 1996;88(15):1039-1045.

oxygen (TWO,) offer an improved outcome over
conventional compression dressings (CCD) in
the management of refractory venous ulcers
(RVU)? A parallel observational comparative
study. Eur J Vasc Endovasc Surg 2009;38(1):
125-132. DOI: 10.1016/j.ejvs.2009.03.027.

. Schwartz CE, Coulthard-Morris L, Cole B,

Vollmer T. The quality-of-life effects of
interferon beta-1b in multiple sclerosis. An
extended Q-TWIiST analysis. Arch Neurol

therapy in breast cancer: a quality-adjusted sur- 7. Pa.rsons SK, G_elber S, Cole BF, et al. Quality- 1997:54(12):1475-1480.
vival analysis. J Clin Oncol 1989;7(1):36-44. adjusted survival after treatment for acute 13. Revicki DA, Simpson KN, Wu AW,
. Gelber RD, Goldhirsch A. A new endpoint for myeloi.d 1eukemia‘in'childhood: a Q-TWiST LaVallee RL. Evaluating the quality of life
the assessment of adjuvant therapy in post- analysis of.the Pediatric Oncology Group study associated with rifabutin prophylaxis for
menopausal women with operable breast 8821. J Clin Oncol 1999:17(7):2144-2152. mycobacterium avium complex in persons
cancer. J Clin Oncol 1986:4(12):1772-1779. 8- Murray S, Cole B. Variance and sample size with AIDS: combining Q-TWiST and multi-
. Gelber RD, Cole BF, Gelber S, Goldhirsch A. calculations in quality-of-life-adjusted survival attribute utility techniques. Qual Life Res
Comparing treatments using quality-adjusted analysis (Q-TWiST). Biometrics 2000;56(1): 1995:4(4):309-318.
survival—the Q-TWiST method. Am Star 173-182. 14. Liberati A, Altman DG, Tetzlaff J, et al. The
1995:49(2):161-169. 9. Cole BF, Gelber RD, Goldhirsch A. Cox regres- PRISMA statement for reporting systematic
. Glasziou PP, Simes RJ, Gelber RD. Quality sion models for quality adjusted survival analy- reviews and meta-analyses of studies that
adjusted survival analysis. Stat Med 19909 sis. Stat Med 1993;12(10):975-987. evaluate healthcare interventions: explanation
(11):1259-1276. 10. Sloan JA, Sargent DJ, Lindman J, et al. A and elaboration. BMJ 2009:;339:62700. DOI:
. Mounier N, Haioun C, Cole BF, et al. Quality new graphic for quality adjusted life years 10.1136/bmj.b2700.
of life-adjusted survival analysis of high-dose (Q-TWiST) survival analysis: the Q-TWiST  15. Shea BJ, Hamel C, Wells GA, et al. AMSTAR
therapy with autologous bone marrow trans- plot. Qual Life Res 2002;11(1):37-45. is a reliable and valid measurement tool to
plantation versus sequential chemotherapy 11. Tawfick W, Sultan S. Does topical wound assess the methodological quality of systematic

reviews. J Clin Epidemiol 2009;62(10):
1013-1020. DOI: 10.1016/j.jclinepi.2008.10.009.

. Fairclough DL, Fetting JH, Cella D, Wonson W,

Moinpour CM. Quality of life and quality
adjusted survival for breast cancer patients
receiving adjuvant therapy: Eastern Cooperative

Psycho-Oncology 24: 253-261 (2015)
DOI: 10.1002/pon



260

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Oncology Group (ECOG). Qual Life Res
1999:8(8):723-731.

Kilbridge KL, Cole BF, Kirkwood JM, et al.
Quality-of-life-adjusted survival analysis of
high-dose adjuvant interferon alpha-2b for
high-risk melanoma patients using intergroup
clinical trial data. J Clin Oncol 2002;20(5):
1311-1318.

Nooij MA, de Haes JC, Beex LV, et al
Continuing chemotherapy or not after the in-
duction treatment in advanced breast cancer
patients: clinical outcomes and oncologists’
preferences. Eur J Cancer 2003;39(5):614-621.
Bernhard J, Zahrieh D, Coates AS, et al.
Quantifying trade-offs: quality of life and
quality-adjusted survival in a randomised trial
of chemotherapy in postmenopausal patients
with lymph node-negative breast cancer. Br
J Cancer 2004;91(11):1893-1901.

Bernhard J, Zahrieh D, Zhang J1J, et al.
Quality of life and quality-adjusted survival
(Q-TWiST) in patients receiving dose-
intensive or standard dose chemotherapy for
high-risk primary breast cancer. Br J Cancer
2008;98(1):25-33.

Sherrill B, Amonkar MM, Stein S, Walker M,
Geyer C, Cameron D. Q-TWiST analysis of
lapatinib combined with capecitabine for the
treatment of metastatic breast cancer. Br J
Cancer 2008;99(5):711-715. DOI: 10.1038/
8j.bjc.6604501.

Zbrozek AS, Hudes G, Levy D, et al. Q-TWiST
analysis of patients receiving temsirolimus or
interferon alpha for treatment of advanced
renal cell carcinoma. Pharmacoeconomics
2010;28(7):577-584. DOI: 10.2165/11535290-
000000000-00000.

Marcus R, Aultman R, Jost F. A quality-adjusted
survival analysis (Q-TWiST) of rituximab plus
CVP vs CVP alone in first-line treatment of
advanced follicular non-Hodgkin’s lymphoma.
Br J Cancer 2010;102(1):19-22. DOI: 10.1038/
sj.bjc.6605443.

Rosendahl I, Kiebert GM, Curran D, et al.
Quality-adjusted survival (Q-TWiST) analysis
of EORTC trial 30853: comparing goserelin
acetate and flutamide with bilateral orchiec-
tomy in patients with metastatic prostate
cancer. European Organization for Research
and Treatment of Cancer. Prostate 1999;
38(2):100-109.

Jang RW, Le Maitre A, Ding K, et al. Quality-
adjusted time without symptoms or toxicity
analysis of adjuvant chemotherapy in non-
small-cell lung cancer: an analysis of the
National Cancer Institute of Canada Clini-
cal Trials Group JBR.10 trial. J Clin Oncol
2009;27(26):4268-4273. DOL  10.1200/
JC0.2008.20.5815.

Wang J, Zhao Z, Barber B, Sherrill B, Peeters
M, Wiezorek J. A Q-TWiST analysis compar-
ing panitumumab plus best supportive care
(BSC) with BSC alone in patients with wild-
type KRAS metastatic colorectal cancer. Br J
Cancer  2011;104(12):1848-1853.  DOL:
10.1038/bjc.2011.179.

Copyright © 2014 John Wiley & Sons, Ltd.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Cole BF, Gelber RD, Gelber S,
Mukhopadhyay P. A quality-adjusted survival
(Q-TWiST) model for evaluating treatments
for advanced stage cancer. J Biopharm Stat
2004;14(1):111-124.

Cole BF, Gelber RD, Anderson KM. Paramet-
ric approaches to quality-adjusted survival
analysis. International Breast Cancer Study
Group. Biometrics 1994;50(3):621-631.
Gelber RD, Goldhirsch A, Cole BF. Paramet-
ric extrapolation of survival estimates with
applications to quality of life evaluation of
treatments. International Breast Cancer
Study Group. Control Clin Trials 1993;14(6):
485-499.

Glasziou PP, Cole BF, Gelber RD, Hilden J,
Simes RJ. Quality adjusted survival analysis
with repeated quality of life measures. Stat
Med 1998;17(11):1215-1229.

Andrei A, Murray S. Regression models for the
mean of the quality-of-life-adjusted restricted
survival time using pseudo-observations. Bio-
metrics 2007;63(2):398-404.

Cole BF, Gelber RD, Kirkwood IM,
Goldhirsch A, Barylak E, Borden E. Quality-
of-life-adjusted survival analysis of interferon
alfa-2b  adjuvant treatment of high-risk
resected cutaneous melanoma: an Eastern
Cooperative Oncology Group Study. J Clin
Oncol 1996;14(10):2666-2673.

Zee B, Cole B, Li T, et al. Quality-adjusted
time without symptoms or toxicity analysis
of interferon maintenance in multiple mye-
loma. J Clin Oncol 1998;16(8):2834-2839.
Patil S, Figlin RA, Hutson TE, et al. Q-
TWiST analysis to estimate overall benefit
for patients with metastatic renal cell carci-
noma treated in a phase III trial of sunitinib
vs interferon-alpha. Br J Cancer 2012;106
(10):1587-1590. DOI: 10.1038/bjc.2012.149.
Limat S, Woronoff-Lemsi MC, Menat C,
Madroszyk-Flandin A, Merrouche Y. From
randomised clinical trials to clinical practice:
a pragmatic cost-effectiveness analysis of
paclitaxel in first-line therapy for advanced
ovarian cancer. Pharmacoeconomics 2004;
22(10):633-641.

Bonistalli L, Bardelli F, Costantini M, Trallori
G, d’Albasio G, Messori A. Adjuvant
chemotherapy in patients with resectable stage
III colon cancer: lifetime cost-effectiveness
and cost-utility analysis. Cancer J 1998;11(1):
39-47.

Lafuma A, Dreno B, Delaunay M, et al.
Economic analysis of adjuvant therapy with
interferon alpha-2a in stage II malignant
melanoma. Eur J Cancer 2001;37(3):369-375.
Marino P, Roche H, Moatti JP, PEGASE Group.
High-dose chemotherapy for patients with high-
risk breast cancer: a clinical and economic
assessment using a quality-adjusted survival
analysis. Am J Clin Oncol 2008;31(2):117-124.
DOI: 10.1097/COC.0b013e3181573e83.

Tai TH, Yu E, Dickof P, et al. Prophylactic
cranial irradiation revisited: cost-effectiveness
and quality of life in small-cell lung cancer.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

W. R. Tate and G. H. Skrepnek

Int J Radiat Oncol Biol Phys 2002;52(1):
68-74.

Rosenthal MA, Webster PJ, Gebski VI,
Stuart-Harris RC, Langlands AO, Boyages J.
The cost of treating small cell lung cancer.
Med J Aust 1992;156(9):605-610.

Atherton PJ, Mandrekar SJ. Combining
symptom and survival data. Curr Probl Can-
cer 2006;30(6):307-318.

Porcher R, Levy V, Fermand JP, Katsahian S,
Chevret S, Ravaud P. Evaluating high dose
therapy in multiple myeloma: use of quality-
adjusted survival analysis. Qual Life Res
2002;11(2):91-99.

Levy V, Porcher R, Leblond V, et al. Evaluating
treatment strategies in advanced Waldenstrom
macroglobulinemia: use of quality-adjusted sur-
vival analysis. Leukemia 2001;15:1466-1470.
Levy V, Porcher R, Delabarre F, Leporrier M,
Cazin B, Chevret S. Evaluating treatment
strategies in chronic lymphocytic leukemia:
use of quality-adjusted survival analysis. J
Clin Epidemiol 2001;54:747-754.

Gelber RD, Goldhirsch A, Cole BF. Evalua-
tion of effectiveness: Q-TWiST. Cancer Treat
Rev 1993;19(SupA):73-84.

Sloan JA, Bonner JA, Hillman SL, ef al. A
quality-adjusted reanalysis of a phase III trial
comparing once-daily thoracic radiation vs.
twice-daily thoracic radiation in patients with
limited-stage small-cell lung cancer. Int J
Radiat Oncol Biol Phys 2002;52(2):371-381.
Irish W, Sherrill B, Cole B, Gard C,
Glendenning GA, Mouridsen H. Quality-
adjusted survival in a crossover trial of
letrozole versus tamoxifen in postmenopausal
women with advanced breast cancer. Ann
Oncol 2005;16:1458-1462.

Sherrill B, Sherif B, Amonkar MM, Maltzman
J, O’Rourke L, Johnston S. Quality-adjusted
survival analysis of first-line treatment of
hormone-receptor-positive HER2+ metastatic
breast cancer with letrozole alone or in combi-
nation with lapatinib. Curr Med Res Opin
2011;27(12):2245-2252.

Cole BF, Glantz MJ, Jaeckle KA, Chamberlain
MC, Mackowlak JI. Quality-of-life-adjusted
survival comparison of sustained-release
cytosine arabinoside versus intrathecal metho-
trexate for treatment of solid tumor neoplastic
meningitis. Cancer 2003;97(12):3053-3060.
Gao F, Wee J, Wong HB, Machin D. Quality-
of-life-adjusted survival analysis of concur-
rent chemo radiotherapy for locally advanced
(nonmetastatic) nasopharyngeal cancer. Int J
Radiat Oncol Biol Phys 2010;78(2):454-460.
DOI: 10.1016/j.ijrobp.2009.07.1702.

Radice D, Redaelli A. Q-TWiST analysis of
cyclophosphamide, epirubicin, fluorouracil
versus  cyclophosphamide, methotrexate,
fluorouracil treatment for premenopausal
women with node-positive breast cancer.
Pharmacoeconomics 2005;23(1):69-75.
Corey-Lisle PK, Peck R, Mukhopadhyay P,
et al. Q-TWIiST analysis of ixabepilone in
combination with capecitabine on quality of

Psycho-Oncology 24: 253-261 (2015)
DOI: 10.1002/pon



A systematic review of Q-TWIiST in cancer

53.

54.

55.

life in patients with metastatic breast cancer.
Cancer 2012;118(2):461-468. DOI: 10.1002/
cner.26213.

Sherrill B, Di Leo A, Amonkar MM, et al.
Quality-of-life and quantity-adjusted survival
(Q-TWiST) in patients receiving lapatinib in
combination with paclitaxel as first-line treat-
ment for metastatic breast cancer. Curr Med
Res Opin 2010;26(4):767-775.

Konski AA, Winter K, Cole BF, Ang KK, Fu
KK. Quality-adjusted survival analysis of Radia-
tion Therapy Oncology Group (RTOG) 90-03:
phase III randomized study comparing altered
fractionation to standard fractionation radio-
therapy for locally advanced head and neck
squamous cell carcinoma. Head Neck 2009;
31(2):207-212. DOI: 10.1002/hed.20949.
Viollier R, Passweg J, Gregor M, et al. Qual-
ity-adjusted survival analysis shows differ-
ences in outcome after immunosuppression
or bone marrow transplantation in aplastic

Copyright © 2014 John Wiley & Sons, Ltd.

56.

57.

58.

59.

anemia. Ann Hematol 2005;84:47-55. DOI:
10.1007/500277-004-0930-3.

Cole BF, Solal-Celigny P, Gelber RD, et al.
Quality-of-life-adjusted survival analysis of
interferon alfa-2b treatment for advanced
follicular lymphoma: an aid to clinical deci-
sion making. J Clin Oncol 1998;16(7):
2339-2344.

Pummer K, Lehnert M, Stettner H, Hubmer
G. Randomized comparison of total androgen
blockade alone versus combined with weekly
epirubicin in advanced prostate cancer. Eur
Urol 1997;32(Sup3):81-85.

Cole BF, Gelber RD, Goldhirsch A. A
quality-adjusted survival meta-analysis of
adjuvant chemotherapy for premenopausal
breast cancer. International Breast Cancer
Study Group. Stat Med 1995;14(16):
1771-1784.

Gelber RD, Cole BF, Goldhirsch A, et al.
Adjuvant chemotherapy for premenopausal

60.

61.

62.

261

breast cancer: a meta-analysis using quality-
adjusted survival. Cancer J Sci Am 1995;
1(2):114-121.

Gelber RD, Cole BF, Goldhirsch A, et al.
Adjuvant chemotherapy plus tamoxifen
compared with tamoxifen alone for postmeno-
pausal breast cancer: meta-analysis of quality-
adjusted survival. Lancet 1996;347(9008):
1066-1071.

Revicki DA, Feeny D, Hunt TL, Cole BF.
Analyzing oncology clinical trial data using
the Q-TWiST method: clinical importance
and sources for health state preference data.
Qual Life Res 2006;15(3):411-423.

Einstein MH, Rash JK, Chappell RJ, Swietlik
JM, Hollenberg JP, Connor JP. Quality of life
in cervical cancer survivors: patient and pro-
vider perspectives on common complications
of cervical cancer and treatment. Gynecol
Oncol 2012;125(1):163-167. DOL: 10.1016/
j-ygyno.2011.10.033.

Psycho-Oncology 24: 253-261 (2015)
DOI: 10.1002/pon



