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Background:Whether or not toxicity predicts clinical outcomes has long been a question regarding cancer treatments.
While prior studies have focused on specific cancers, therapies, and toxicities, no comprehensive evidence exists on
whether treatment toxicity predicts favorable outcomes.
Methods:We abstracted treatment toxicity and clinical outcome data from a sample of phase III oncology randomized clinic-
al trials (n = 99 trials). We investigated whether treatments with relatively greater toxicity compared with their controls had rela-
tively higher, lower, or equivocal rates of clinical efficacy, measured by progression-free survival (PFS) and overall survival (OS).
Several toxicities were assessed (all grades, grades III/IV, cutaneous rash, gastrointestinal toxicity, andmyelosuppression).
Results: Toxicity and efficacy were greater among treatments than controls (e.g. 3.5 instances of all-grade toxicity per patient
in treatment arms versus 2.8 instances in controls, P < 0.001; mean PFS of 9.1 months across treatment arms versus 7.1
months across controls, P < 0.001; mean OS of 18.6 months across treatment arms versus 16.9 months across controls,
P < 0.001). Across trials, greater relative treatment toxicity was strongly associated with greater PFS in treatments versus con-
trols (P < 0.001), but not OS (P = 0.44). Although higher relative rates of myelosuppression and cutaneous rash among treat-
ments were not associated with greater treatment efficacy, greater relative gastrointestinal toxicity among treatments was
associated with greater relative PFS compared with controls (P = 0.007).
Conclusion: Across trials, treatments with relatively greater all-grade toxicity compared with controls are associated with
relatively greater PFS but not OS.
Key words: treatment toxicity, clinical trials

introduction
Whether or not toxicity of treatment predicts meaningful clinical
outcomes has long been a question in cancer medicine, with

available evidence offering mixed conclusions. Across a range of
cancers, cytotoxic side-effects such as myelosuppression have
been linked to improved outcomes in both the adjuvant and
metastatic setting [1–6]. For example in an analysis of patients
with advanced nonsmall-cell lung cancer treated with cytotoxic
agents, both severe and mild neutropenia were associated with
improved survival, leading authors to speculate that the absence
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of myelosuppression may reflect inadequate dosing [5]. In con-
trast, other studies demonstrate either equivocal or negative asso-
ciations between rates of treatment-related myelosuppression and
clinical outcomes [7, 8]. Aside from myelosuppression, specific
toxicities unique to certain agents have also been associated with
improved outcomes. For instance, vasomotor symptoms, muscu-
loskeletal adverse events, and vulvovaginal symptoms predict
improved outcomes among women taking adjuvant tamoxifen or
aromatase inhibitors [9]. Arthralgia, myalgia, and carpal tunnel
symptoms have similarly been associated with better disease-free
survival in this setting [10]. Peripheral neuropathy is associated
with improved outcomes in recurrent ovarian cancer for patients
receiving carboplatin–paclitaxel [6], but not for patients with
breast cancer receiving adjuvant taxane-containing therapy [11].
Rates of hypertension correlate with efficacy among patients with
renal cell cancer on kinase inhibitors [12]. Among patients with
advanced colorectal carcinoma, an aggregate score of all chemo-
therapy-induced toxicities is positively associated with greater
treatment efficacy [13].
While prior studies have typically focused on some combin-

ation of a specific cancer, adjuvant or metastatic treatment,
specific agent, or specific toxicities, to our knowledge no com-
prehensive evidence exists on whether rates of treatment toxicity
in oncology are generally correlated with treatment outcomes.
Comprehensively identifying whether higher rates of treatment
toxicity predict clinical response to treatment is important for
several reasons. First, it addresses a general biological question:
in the case of cytotoxic treatments, whether lack of toxicity is a
marker for inadequate dose intensity, and for targeted therapies,
whether some degree of off-target effects are predictive of efficacy
[14]. Second, the presence of a global relationship—positive or
negative—may help identify which therapies are likely to success-
fully transition between phase II and III clinical trials, a transi-
tion that has been characterized by high rates of failure [15].
Abstracting treatment toxicity and clinical outcome data from

a sample of phase III oncology randomized clinical trials, we
investigated whether treatments with relatively greater toxicity

compared with their controls had relatively higher, lower, or
equivocal rates of clinical efficacy, measured by progression-free
survival (PFS) and overall survival (OS).

methods
We extracted treatment toxicity and outcome data from 116 phase III, ran-
domized, controlled clinical trials of cancer medications. Before application
of exclusion criteria, our sample included the 53 most highly cited clinical
trials and the 63 most recent clinical trials as of 2 February 2013 (see
Figure 1 for inclusion/exclusion criteria).

eligible studies
Thompson Reuters Web of Science was used to identify eligible articles. The
following search strings were used to identify appropriate articles: phase III,
phase 3, clinical trials, randomized controlled trial, randomized clinical
trials, randomized clinical trial, randomized controlled trial, and chemother-
apy. Search results were further refined to papers classified under ‘oncology’
under ‘research area.’ To obtain our sample of highly cited articles, we sorted
all trials by citation count and extracted 53 trials with the largest count. For
these articles, there was no limitation on publication year. Our sample of the
most recent clinical trials was obtained by searching through phase III oncol-
ogy trials published from January 2012 to December 2012 in reverse chrono-
logic order. We extracted 63 trials with publication dates from March 2012
to December 2012.

One author screened all studies. Articles were excluded if they reported
data strictly in hazard ratios, did not provide median months for PFS, time to
progression (TTP), or OS, or if trials simply omitted key data such as PFS,
OS, TTP, complete response, or partial response. In total, 99 phase III clinical
trials, 54 most recent and 45 highly cited, met our inclusion criteria (Figure 1;

supplementary Tables S1 and S2, available at Annals of Oncology online).

data extraction
For each trial, we extracted information on the intervention(s) tested,
median OS and PFS in treatment and control arms (or median TTP when
PFS was unreported), and the following treatment toxicity data: mean
number of instances per participant in which all-grade toxicity was

Additional studies identified through refined search (n = 2)

Most cited phase III clinical trial articles identified (n = 51)

Potentially relevant articles evaluated (n = 53)

Excluded articles (n = 8)
• Trials excluded on basis of unfit trial parameters1 (n = 4)
• Trials lacked data on key variables (n = 4)

Most cited trials included (n = 45)

Most recent phase III clinical trial articles identified (n = 39)

Additional studies identified through refined search (n = 24)

Potentially relevant articles evaluated (n = 63)

Excluded articles (n = 9)
• Trials excluded on basis of unfit trial parameters1 (n = 6)
• Trial duplicates excluded (n = 1)
• Unable to access papers (n = 2)

Most recent trials included (n = 54) 

Trials included (n = 99)

Figure 1. Flow diagram of inclusion of trials.
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experienced, grade III–IV toxicity (defined based on the Common
Terminology Criteria for Adverse Events guidelines used by primary study
authors), myelosuppression, cutaneous rash, or gastrointestinal toxicity. The
control arm was defined as the cohort without the investigational agent.

statistical analysis
For both the treatment and control group in each trial, we used data on the
mean instances per patient who met a given toxicity end point (e.g. mean
instances per patient with all-grade toxicity in the treatment arm and control
group) to compute the relative percentage change in toxicity rates between
the treatment and control arm. For example in a trial comparing sunitinib
versus interferon alfa trial for metastatic renal cell carcinoma [16], there were
on average 3.9 instances of all-grade toxicity per patient receiving sunitinib
(treatment) compared with 2.6 instances per patient receiving interferon alfa
(control), a relative increase of 50%. We similarly computed the percentage
increase in median PFS and OS between treatment and control groups in
each trial.

Across trials, we estimated univariate associations between the percent-
age change in treatment toxicity (within a trial) and the percentage change
in treatment efficacy (within each trial). In other words, we analyzed
whether across trials, those trials in which the treatment was relatively
more toxic compared with control were also those trials in which treatment
was relatively more efficacious. It is important to compare relative changes
in treatment toxicity to relative changes in treatment efficacy within rather
than across trials, since the latter approach may be confounded due to dif-
ferences in cancer mortality across trials (e.g. treatments in trials of patients
with pancreatic cancer may be inappropriately compared directly with
trials of patients with early-stage breast cancer). This within-trial analysis
is statistically similar to regression in which the dependent variable is a
given treatment’s efficacy and independent variables include the treat-
ment’s toxicity rate and an indicator variable for the trial. Our approach

used variation in toxicities and efficacies of treatments within trials rather

than across trials in order to estimate the association between treatment
toxicity and efficacy.

results
Our search generated 116 entries initially considered to be eli-
gible, of which 99 abstracts met eligibility criteria. Table 1 shows
the characteristics of the 54 most recent and 45 most highly
cited studies that we examined. The median number of citations
received by the most highly cited studies was 759. The most
highly cited studies included a median of 574 participants, while
the most recent studies included a median of 474 patients.
Across studies, mean efficacy was higher in treatment than
control arms (e.g. mean PFS of 9.1 months across treatment
arms versus 7.1 months across control arms, P < 0.001; mean
OS of 18.6 months across treatment arms versus 16.9 months
across control arms, P < 0.001). The most highly cited studies
were more likely to be positive—i.e. demonstrate clinical efficacy
of the treatment arm relative to control—than the most recent
studies (88.9% versus 48.1%, P < 0.001). Across all studies, mean
rates of all-grade or grade III and IV toxicity were also more
common in treatment than control arms (e.g. 3.5 instances
of all-grade toxicity per patient in treatment arms versus 2.8
instances per patient in control arms, P < 0.001; 0.8 instances
per patient of grade III/IV toxicity in treatment arms versus 0.6
instances per patient in control arms, P < 0.001).
Figure 2 shows the relationship across trials between the rela-

tive toxicity of treatment compared with control (computed
within a trial) versus the relative efficacy of treatment compared
with control (computed within a trial). The figure allows us to
assess whether trials in which the relative toxicity of treatment

Table 1. Characteristics of oncology trials

Characteristics of trials Most cited trials (n = 45
trials)

Most recent trials (n = 54
trials)

All trials (n = 99
trials)

Median no. of citations (IQR) 759 (590–967) 1.5 (0–4.75) 11 (1–720.5)
Median sample size in trial (IQR) 571 (373–792) 474 (248–828) 512 (280–828)
Treatment efficacy
Mean PFS across treatment arms, months (95% CI) 8.3 (6.0–10.5) 9.5 (7.0–12.0) 9.1 (7.3–10.9)
Mean PFS across control arms, months (95% CI) 5.6 (3.8–7.5) 7.8 (5.9–9.8) 7.1 (5.7–8.5)
Mean OS across treatment arms, months (95% CI) 16.5 (12.6–20.5) 20.3 (14.9–25.6) 18.6 (15.2–21.9)
Mean OS across control arms, months (95% CI) 14.3 (10.9–17.7) 18.9 (13.9–24.1) 16.9 (13.7–20.1)
Percent of trials with positive treatment findingsa 88.9 48.1 66.7

Toxicities
Mean instances per patient of all-grade toxicity across treatment
arms (95% CI)

3.7 (2.7–4.8) 3.4 (2.6–4.1) 3.5 (2.9–4.2)

Mean instances per patient of all-grade toxicity across control
arms (95% CI)

3.2 (2.0–4.4) 2.5 (1.8–3.1) 2.8 (2.2–3.5)

Mean instances per patient of grades III/IV toxicity across
treatment arms (95% CI)

0.7 (0.5–0.9) 0.9 (0.7–1.1) 0.8 (0.7–0.9)

Mean instances per patient of grades III/IV toxicity across
control arms (95% CI)

0.6 (0.4–0.8) 0.6 (0.4–0.8) 0.6 (0.5–0.7)

aPositive trials were defined as those in which the authors declared a statistically significant improvement in outcomes with treatment over control (with
outcomes most commonly defined as OS, PFS, or TTP).
PFS, progression-free survival; OS, overall survival.
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compared with control was greater were also trials in which the
relative efficacy of treatment compared with control was greater.
Across trials, greater relative treatment toxicity was strongly stat-
istically significantly correlated (P < 0.001) with greater PFS in
treatments versus controls. For example a 10 percentage point
increase in relative treatment toxicity (e.g. comparing trials in
which treatments were 30% more toxic than controls to trials in
which treatments were 40% more toxic) was associated with a
6.7 percentage point increase in relative treatment PFS (e.g. in-
creasing a treatment’s relative efficacy from being 20% more ef-
fective than control to being 26.7% more effective than control),
P < 0.001 (Table 2). In contrast, greater relative treatment tox-
icity was not statistically significantly associated with greater OS
in treatments versus controls. A 10 percentage point increase in
relative treatment toxicity was associated with a 0.3 percentage
point increase in relative treatment OS, P = 0.44 (Table 2).
Similar associations held in subgroup analyses of the most

highly cited versus most recent trials, which were carried out
since the most highly cited trials may be those in which treat-
ments were both more efficacious and less toxic than controls,
which would bias us toward finding a negative association
between treatment toxicity and efficacy. Specifically, among
the most recent trials (which would not suffer from this bias),
a 10 percentage point increase in relative treatment toxicity
was associated with a 7.0 percentage point increase in relative
treatment OS, P < 0.001. Among the most highly cited trials, a
10 percentage point increase in relative treatment toxicity was
associated with a 6.1 percentage point increase in relative treat-
ment OS, P < 0.001.
An analysis of specific types of toxicities (cutaneous rash,

gastrointestinal toxicity, or myelosuppression) demonstrated a
strong statistically significant association between a treatment’s
relative gastrointestinal toxicity and its relative PFS compared
with control (Table 2). For example, a 10 percentage point in-
crease in a treatment’s relative gastrointestinal toxicity was
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Figure 2. Association between relative treatment toxicity (all grade) and
relative treatment efficacy within trials, according to efficacy outcome. Each
panel plots the percentage difference in efficacy between treatment and
control in a given trial (e.g. PFS in panel A) against the percentage difference
in toxicity. Each point in a plot reflects a clinical trial.

Table 2. Association between relative treatment toxicity and relative treatment efficacy within trials, according to type of toxicity and efficacy outcome

Effect of a 10 percentage point increase in relative treatment toxicity on relative
treatment efficacy, percentage point change (95% CI)

Toxicity Progression-free survival Overall survival

All-grade toxicity 6.7% (4.2% to 9.2%) 0.3% (−0.5% to 1.1%)
Specific toxicities
Cutaneous rash 0.2% (−0.7% to 1.1%) 0.2% (−0.2% to 0.6%)
Gastrointestinal toxicity 3.4% (1.0% to 5.7%) 0.2% (−0.5% to 0.9%)
Myelosuppression 0.2% (−2.7% to 2.3%) 0.4% (−1.4% to 0.6%)

The table shows the univariate association across trials between the relative treatment toxicity (computed within a trial) and relative treatment efficacy
(also computed within trials). Relative treatment toxicity within a trial is defined as the percentage increase or decrease in toxicity of the treatment arm
compared with the control arm. Relative treatment efficacy within a trial is defined as the percentage increase or decrease in efficacy (either PFS or OS)
of the treatment arm compared with the control arm. These estimates therefore assess whether trials in which treatments were relatively more toxic
compared with controls were also trials in which treatments were relatively more efficacious compared with controls. These estimates imply that across
trials, a 10 percentage point increase in relative treatment toxicity (e.g. comparing trials in which treatments were 30% more toxic than controls to trials
in which treatments were 40% more toxic) is associated with a 6.7% percentage point increase in relative treatment PFS (e.g. increasing a treatment’s
relative efficacy from being 20% more effective than control to being 26.7% more effective than control).
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associated with a 3.4 percentage point increase in its PFS relative
to control, P = 0.007 (Table 2). Greater relative rates of myelo-
suppression and cutaneous rash among treatments compared
with controls were not associated with relative differences in PFS
or OS for treatments compared with controls.

discussion
The association between treatment toxicity and clinical out-
comes is a longstanding issue in cancer medicine [1–9, 11–13].
Using data on treatment toxicity and clinical outcomes obtained
from a sample of phase III oncology trials, we examined
whether treatments with relatively greater toxicity compared
with their controls had higher, lower, or equivocal rates of clinic-
al efficacy. By analyzing treatment toxicity and clinical outcome
data across a number of trials, our analysis adds to prior studies
that have typically focused on a single combination of specific
cancer, adjuvant or metastatic setting, specific agent, and
specific toxicities such as cutaneous rash, gastrointestinal tox-
icity, or myelosuppression.
Our evidence suggests a potentially strong relationship between

a treatment’s all-grade relative toxicity and its relative PFS com-
pared with alternative therapy. We found no relationship a treat-
ment’s all-grade relative toxicity and its relative OS compared with
alternative therapy. An analysis of specific toxicities demonstrated
a strong association between a treatment’s relative gastrointestinal
toxicity and its relative PFS, but no association between relative
efficacy and rates of myelosuppression or cutaneous rash.
A recent trial demonstrates how toxicity can be associated with

improved clinical efficacy. The Japanese Gynecologic Oncology
Group compared two strategies in the treatment of advanced
ovarian cancer: a standard course of paclitaxel and carboplatin,
and a dose-dense version of this regimen. The study found that
more carboplatin could be administered to the conventionally
dosed group, while the mean dose of paclitaxel was higher in the
dose-dense group. This dosing pattern was itself a consequence of
dose modification due to toxicity, which was greater among the
dose-dense group. Patients receiving dose-dense carboplatin–
paclitaxel had a higher frequency of grade 3 or 4 anemia (69%
versus 44%) [17]. In this case, the dose-dense regimen demon-
strated improvements in both PFS (28.0 versus 17.2 months) [17]
and OS (100.5 versus 62.2 months) [18]. Our analysis also relates
to evidence on the benefit of individualized dose adjustment
between chemotherapy cycles, which has shown impressive out-
comes in primary mediastinal B-cell lymphoma [19] and, more re-
cently, Burkitt’s lymphoma [20]. These individualized regimens
use nadir white counts and platelet levels to guide dose escalation
in subsequent cycles. In the case of dose-adjusted EPOCH-R, tox-
icity is explicitly used as a surrogate of efficacy.
The intent of our study was to provide an overall view of the

association between treatment toxicity and efficacy using trial-
level data, an approach with inherent limitations. First, a more
comprehensive approach would involve meta-analysis of indi-
vidual patient data across multiple trials, inclusive of different
cancer types, modalities (cytotoxic therapy, molecularly targeted
therapy, immunotherapy, endocrine therapy, and radiation
therapy), measured side-effects, and outcomes. Because we ana-
lyzed a limited set of data at the trial level, we were unable to
identify whether the association between specific treatment

toxicities and outcomes varied according to treatment modality
(e.g. cytotoxic versus molecularly targeted versus immune ther-
apies, or combinations of these) or specific cancer, both import-
ant questions for assessing the clinical applicability of our
findings. Second, although we estimated a statistically significant
association between a treatment’s relative gastrointestinal tox-
icity and its relative PFS compared with alternate therapy, our
analysis was not powered to identify small but potentially statis-
tically significant associations between other treatment toxicities
and efficacy within trials. Other studies have found that myelo-
toxicty correlates with improved outcomes in advanced lung
cancer [5], and that rash can predict improved survival for an
epidermal growth factor receptor targeted drug [21]. Moreover,
our analysis focused on the number of toxicities associated with
treatments, and was not powered to analyze how severity of tox-
icity (e.g. grades I versus IV toxicity), clinical significance (e.g.
rash versus systolic heart failure), or biologic relevance (e.g. on-
versus off-target toxicity for molecularly targeted therapies)
were associated with outcomes. Fourth, our sample of trials
included nearly 50% of the most highly cited phase III trials.
These trials may be highly cited because the treatments evalu-
ated were not only more efficacious but also had lower rates of
toxicity relative to the comparator therapy. This would have led
to a negative association between relative treatment toxicity and
efficacy within the most highly cited trials. We restricted ana-
lyses to the most recent trials, and continued to find that treat-
ment toxicity was positively correlated with relative PFS across
trials.
Additionally, our results should not be misinterpreted. We

estimated a trial-level, not individual-level, correlation between
toxicity and outcomes. As such, we cannot conclude that those
patients who experienced greater toxicity within a trial were ne-
cessarily those who also benefitted the most. Within a trial,
patients with improved PFS may have lower toxicity with treat-
ment, whereas patients with greater toxicity may have lower
benefit. If this trial had larger PFS improvements and toxicity
rates compared with other trials, a trial-level analysis would
spuriously conclude that treatments with greater toxicity have
larger PFS improvements, when in fact patients with greater PFS
would have lower toxicity in a patient-level analysis. For this
reason, our results should not be misinterpreted to justify
increased dosing to achieve toxicity. Instead, our results high-
light the possibility that drugs that confer greater adverse events
may confer improvements in PFS collectively, but patient-level
analyses are needed to confirm this hypothesis. Even with
patient-level analysis, however, a positive association between
treatment toxicity and efficacy may suffer from a length-time
bias, if patients with greater PFS receive treatment longer and
therefore have more time to experience treatment-related toxici-
ties.
In summary, in a trial-level analysis of phase III oncology

clinical trials, we found that treatments with greater relative tox-
icity (compared with alternative therapies) have relatively
greater PFS. This relationship may be of interest to patients in
clinical trials for whom some degree of toxicity may be tolerated
while efficacy end points are pending, and has implications for
research investigating the role of individualized dose-escalating
chemotherapy which entails greater side-effects for a given
patient but potentially higher efficacy as well.
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