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Combining agents has the potential to attenuate resistance in metastatic cancer. However, knowledge of appropriate starting

doses for novel drug combinations in clinical trials and practice is lacking. Analysis of 372 published studies was used to

ascertain safe starting doses for doublets involving a cytotoxic and targeted agent. Phase I–III adult oncology clinical trial

publications (January 1, 2010 to December 31, 2013) were identified (PubMed). The dose of drug used in each combination

was compared to the single agent recommended dose [FDA-approved/recommended phase 2 dose (RP2D)/maximum tolerated

dose (MTD)]. Dose percentages were calculated as: (safe dose of drug in combination/dose of drug as single agent at FDA/

RP2D/MTD) 3 100. Additive dose percentages were the sum of the dose percentage for each drug. A total of 24,326 patients

(248 drug combinations) were analyzed. In 38% of studies, both drugs could be administered at 100% of their FDA-approved/

RP2D/MTD dose. The lowest safe additive dose percentage was 41% with poly-ADP ribose polymerase (PARP) or histone

deacetylase inhibitors as the targeted agents; 82%, in the absence of these agents; and 97%, with an antibody in the combi-

nation. If one drug was administered at 100% of the single agent dose, the lowest safe dose percentage for the second drug

was 17% (cytotoxic at 100%) or 36% (targeted at 100%) of the FDA-approved/RP2D/MTD dose. The current findings can help

inform safe starting doses for novel two-drug combinations (cytotoxic and targeted agents) in the context of clinical trials and

practice.

Metastatic carcinomas have complicated and heterogenous
molecular and biologic landscapes.1 Biologic heterogeneity
exists between histologies, within the same diagnostic group,
and even within individual patients.2–6 As an example, The
Cancer Genome Atlas Study identified numerous genes that
can be altered in carcinomas. Most malignancies have
several alterations, which can vary by tumor type.3 Hence,
tailored targeted therapies are emerging as an important
modality for treating metastatic malignancies. However,
experience suggests that targeted monotherapy is unlikely to

eradicate metastatic carcinomas or even result in prolonged
remissions.

Cytotoxic chemotherapy has been the mainstay of estab-
lished therapeutic regimens for many tumors, with improve-
ment in outcomes having been demonstrated in randomized
clinical trials. Furthermore, combination treatment approaches
have dramatically changed outcomes for numerous malignan-
cies, with high cure rates seen in Hodgkin’s lymphoma, acute
lymphocytic leukemia and testicular cancer.7 Combinations of
cytotoxic chemotherapy and targeted agents are therefore being
increasingly pursued.

Determining safe starting doses for therapeutic combinations
of anticancer drugs in clinical trials and practice can be challeng-
ing. While drugs are combined routinely and safely outside of
the cancer field based on algorithms for patients with multiple
comorbidities and the average cancer patient is on a median of
eight drugs for other health problems prior to starting treatment
for malignancy,8 oncology drugs may require a more cautious
approach due to the narrower therapeutic windows for many
cytotoxic chemotherapeutic agents.9 Given that over 300 anti-
cancer drugs are approved or in advanced clinical trials, there are
over 45,000 possible two-drug combinations. It is not feasible to
conduct a clinical trial for every possible drug combination, dose
and cancer type. The current analysis therefore evaluated previ-
ously published oncology clinical trials of two drug combinations
in which a targeted agent and a cytotoxic were included to

Key words: targeted therapy, cytotoxic chemotherapy, maximum

tolerated dose, recommended Phase 2 dose, precision medicine

Additional Supporting Information may be found in the online

version of this article.

This is an open access article under the terms of the Creative

Commons Attribution NonCommercial License, which permits use,

distribution and reproduction in any medium, provided the original

work is properly cited and is not used for commercial purposes.

DOI: 10.1002/ijc.30262

History: Received 20 May 2016; Accepted 30 June 2016; Online

8 July 2016

Correspondence to: Mina Nikanjam, University of California

Los Angeles, 200 UCLA Medical Plaza, Suite 120, Los Angeles, CA

90095, USA, Tel: 11-310-825-6301, Fax: 11-310-794-1699,

Email: mnikanjam@mednet.ucla.edu

C
an

ce
r
T
he
ra
py

an
d
P
re
ve
n
ti
on

Int. J. Cancer: 139, 2135–2141 (2016) VC 2016 The Authors International Journal of Cancer published by John Wiley & Sons Ltd on behalf of
UICC

International Journal of Cancer

IJC



determine the lowest safe starting doses required for de novo
combinations in clinical trials and practice.

Material and Methods
Identification of publications

Phase I–III oncology clinical trials of two-drug combination
therapy where one agent was targeted and one was a cytotoxic
agent were identified by PubMed search for “cancer, phase,
combination or combined” among “clinical trials.” Studies were
limited to those published between January 1, 2010, and
December 31, 2013. Targeted agents are often cytostatic and
designed to impact signals in the cancer cell that are differen-
tially expressed or abnormal as compared to those in normal
tissue. They include antibodies targeting a specific protein or
small molecule inhibitors with a low nM IC50 for a specific
protein (concentration required to produce 50% inhibition of
enzyme function). Cytotoxic agents are defined as chemical
substances that kill rapidly dividing cells, but have the potential
to harm rapidly dividing healthy tissue including bone marrow,
the gastrointestinal tract and hair follicles. Studies involving
hormonal therapy, immunotherapy, radiation, special popula-
tions such as pediatric, elderly or organ dysfunction patients,
and those administering the dose of drug in the combination
>100% of the standard dose of the agent were excluded from
the analysis (Fig. 1).

Data analysis

The published manuscripts were reviewed to determine drugs
used in the combination, disease evaluated, number of partici-
pants, dose of each drug in the combination, recommended
phase 2 dose (RP2D) or maximum tolerated dose (MTD)
achieved in the study for Phase I trials, (or Food and Drug
Administration recommended dose for approved drugs), dose
limiting toxicities and Grade 3 or 4 toxicities. For trials that
tested more than one drug combination, each combination was
considered a separate study in the analysis. A “dose percentage”
was calculated for each drug in the combination. The dose of
drug was compared to the single agent recommended dose
which was defined as either the FDA-approved dose or for
non-FDA-approved drugs, either the RP2D or the MTD. RP2D
was given preference over MTD, and FDA-approved dose was
given highest priority.

Dose percentage was calculated as follows: (safe dose
of drug in combination/dose of drug as a single agent at
FDA-approved dose or RP2D or MTD) 3 100. Additive dose

percentages for two drugs were calculated by adding the dose
percentage for each drug; thus the maximum additive dose
percentage was 200% (100% of each drug).

Results
During the 4-year period of publications (January 1, 2010, through
December 31, 2013), the total number of studies of a targeted
drug combined with a cytotoxic that met the inclusion criteria was
372 (24,326 patients; 248 drug combinations; Table 1, Supporting
Information Table 1). The targeted and cytotoxic agents were
FDA approved by the time of the current analysis for the majority
of studies (N5 294 of 372 studies for the targeted agent; N5 362
of 372 studies for the cytotoxic agent). The targeted agent was an
antibody in 121 studies and a small molecule inhibitor in 251
studies. The median (range) for the combined dose was 180%
(41–200%) of the additive FDA/RP2D/MTD dose.

One drug at 100% dose percentage of the

FDA/RP2D/MTD dose

Three hundred ten studies (including 210 drug combinations)
were published (N5 21,492 patients) in which one targeted
agent and one cytotoxic were administered and one of the
agents was given at full (100%) dose (Supporting Information
Refs. S1–S294; Table 2). These included 92 Phase I studies
(N5 2,543 patients), 200 Phase II or III studies (N5 17,987
patients) and 18 Phase I/II combined studies (N5 962
patients). (In the Phase I studies, only a subset of patients
were treated at the FDA/RP2D/MTD dose.) In total, in 141
studies (45% of the 310 studies where either the cytotoxic or
the targeted agent was at 100% of the FDA/RP2D/MTD
dose; N5 97 drug combinations), the other drug was also
administered at 100% (N5 11,003 patients received both
drugs at 100% dose).

For combinations involving an antibody as the targeted
agent, 69 out of 121 studies (57%; 37 out of 68 drug combina-
tions) could give both agents at 100% of the dose. For combina-
tions involving a small molecule inhibitor as the targeted agent,
only 76 out of 251 studies (30%; 62 out of 180 drug combina-
tions) could give both agents at 100% of the single agent dose.

Targeted agent at 100% dose percentage of the FDA/RP2D/

MTD dose. Two hundred three studies (including 137 drug
combinations) were published (N5 14,860 patients) in which
one targeted agent and one cytotoxic were administered and
the targeted agent was given at full (100%) dose (Supporting

What’s new?

Cytotoxic and targeted cancer drugs act through distinct mechanisms, and when used in combination they can potentially aug-

ment therapeutic effectiveness while minimally impacting toxicity. However, whereas algorithms for safe starting doses for

new single-agent therapies are well established, there are few guidelines for combination therapies. Here, analyses of data

from published Phase I–III clinical trials shows that about 38% of patients tolerated combinations in which both drugs were

administered at full starting doses. In the majority of patients, significant dose reductions were required to guard against tox-

icity. Intrapatient dose escalation is possible, however, potentially allowing for increased efficacy.
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Information Refs. S1–S188; Table 2). The median dose percent-
age for the cytotoxic agent was at 100% of the FDA/RP2D/
MTD dose (range, 36–100%). The median (range) for the addi-
tive dose percentage was 200% (136–200%) of the additive
FDA/RP2D/MTD dose. The lowest safe additive dose percent-
age was 136%; this was for bevacizumab (an antiangiogenesis
antibody) and combretastatin A4 phosphate (a class of natural
phenols that binds tubulin which despite its name is unrelated
to statins; Supporting Information Refs. S188).

Cytotoxic agent at 100% dose percentage of the FDA/RP2D/

MTD dose. Two hundred forty eight studies (including 171
drug combinations) were published (N5 17,635 patients) in
which one targeted agent and one cytotoxic were administered
and the cytotoxic was given at full (100%) dose (Supporting
Information Refs. S1–S132 and S189–S294; Table 2). The medi-
an dose percentage for the targeted agent was at 100% of the
FDA/RP2D/MTD (range, 17–100%). The median (range) for
the additive dose percentage was 200% (117–200%) of the
additive FDA/RP2D/MTD dose. The lowest safe additive dose
percentage was 117%, which was given for: vorinostat [histone
deacetylase (HDAC) inhibitor] plus vinorelbine (Supporting
Information Ref. S291); atrasentan (endothelin A receptor
antagonist) and pegylated liposomal doxorubicin or docetaxel
(Supporting Information Refs. S292–S293; Table 2). While
cenersen (antisense against TP53) was given at 16% and idaru-
bicin was at 100%, this dose was not chosen based on toxicity
(Supporting Information Ref. S294).

Additive dose percentage �100%, but no single

drug at 100% of the FDA/RP2D/MTD dose

There were 37 studies (N5 28 drug combinations) where the
additive dose percentage was >100%, but no single drug was at
100% of the FDA/RP2D/MTD dose due to toxicity of higher
doses (Supporting Information Refs. S295–S331). The lowest safe
additive dose of the combination was 102% which was required
for rituximab and cladribine (Supporting Information Ref. S331;
33% and 69% of the dose percentage, respectively; Table 2).

Additive dose percentage� 100%

Fourteen studies (everolimus and capecitabine, Supporting
Information Ref. S332; gemtuzumab oogomycin and clofara-
bine, Supporting Information Ref. S333; obatoclax mesylate
and topotecan, Supporting Information Refs. S334–S335; alem-
tuzumab and fludarabine, Supporting Information Refs. S336–
S337; bryostatin-1 and cisplatin, Supporting Information Ref.
S338; imatinib and chlorambucil, Supporting Information Ref.
S339; veliparib and cyclophosphamide, Supporting Information
Ref. S340; vorinostat and decitabine, Supporting Information
Ref. S341; olaparib and topotecan, Supporting Information Ref.
S342; olaparib and dacarbazine, Supporting Information Ref.
S343; panobinostat and melphalan, Supporting Information
Ref. S344 and veliparib and topotecan, Supporting Information
Ref. S345) were published, where one agent was targeted
and one was a cytotoxic and the additive dose percentage

was �100%. The dose for capecitabine and everolimus was
50% and 50% of the FDA/RP2D/MTD dose of each drug,
respectively; clofarabine and gemtuzumab oogomycin, 50%
and 50%, respectively; for topotecan and obatoclax mesylate,
83% and 17% in both studies, respectively; for fludarabine and
alemtuzumab, 72% and 25% in both studies, respectively;
cisplatin and bryostatin-1, 67% and 25%, respectively; for
chlorambucil and imatinib, 46% and 36%, respectively; for
cyclophosphamide and veliparib, 70% and 8%, respectively;
for decitabine and vorinostat, 50% and 25%, respectively;
for topotecan and olaparib, 40% and 25%, respectively; for
dacarbazine and olaparib, 48% and 8%, respectively; for
panobinostat and melphalan 38% and 15%, respectively; and
for topotecan and veliparib, 40% and 1%, respectively (additive
dose5 100%, 100%, 100%, 97%, 92%, 82%, 78%, 75%, 65%,
56%, 53%, 41% of the combined FDA/RP2D/MTD dose). In
conclusion, if a HDAC or poly-ADP ribose polymerase (PARP)
inhibitor is used, the lowest additive safe dose percentage is
41%. If neither of these drugs is included, the lowest safe addi-
tive dose percentage is 82% (imatinib and chlorambucil). If the
combination involved an antibody as the targeted agent, the
lowest safe additive dose percentage was 97% (alemtuzumab
and fludarabine; Table 2).

Targeted and cytotoxic combinations where the safety

of the combination dose was unacceptable

There were eight studies published where the additive dose
was >100% and the studies did not find an acceptable dose

Figure 1. Consort diagram. Articles were identified by PubMed search

and screened to identify two drug combinations with a cytotoxic and

targeted agent. Studies of immunotherapy, radiation, organ

dysfunction, pediatric patients, elderly patients, or those where one

drug was given at greater than the FDA-approved/RP2D/MTD dose

were excluded from the analysis.
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[pazopanib and pemetrexed, Supporting Information Ref. S346
(both drugs at 100%); gefitinib and docetaxel, Supporting
Information Ref. S347 (both drugs at 100%); dasatinib and
ixabepilone, Supporting Information Ref. S348 (both drugs at
100%), axitinib and docetaxel, Supporting Information Ref.
S132 (both drugs at 100%); bendamustine and erlotinib, Sup-
porting Information Ref. S349 [100% and 61%, respectively
(additive 161%)]; vinflunine and pazopanib, Supporting Infor-
mation Ref. S350 [80% and 25%, respectively (additive 105%)];

vinflunine and erlotinib, Supporting Information Ref. S351
[71% and 33%, respectively (additive 104%)]; and topotecan
and lenalidomide, Supporting Information Ref. S352 [83% and
18%, respectively (additive 101%)]. Three studies docetaxel
and vorinostat, Supporting Information Ref. S353 [83% and
17% dose percentage, respectively (additive5 100%)]; PR-104
and sorafenib, Supporting Information Ref. S354 [50% and
50%, respectively (additive 100%)]; 5-fluorouracil and vorino-
stat, Supporting Information Ref. S355 [56% and 36%,

Table 1. Two drug combinations including a cytotoxic and targeted agent reported over 4 years (Phase I–III studies on PubMed January 1,
2010 to December 31, 2013)

Cytotoxic agent plus
targeted agent1

Number of studies 372

Number of drug combinations 248

Number of patients 24,326

Median (range) additive dose percentage 180 (41–200)

Number (%) of studies where�one drug dose percentage was 100% 310 (83)

Number (%) of drug combinations where� one drug dose percentage was 100% 210 (85)

Number (%) of patients where� one drug dose percentage was 100% 21,492 (88)

Median (range) percentile for second drug when one drug dose percentage was 100% 90 (16–100)

Number (%) of studies where targeted agent dose percentage was 100% 203 (55)

Number (%) of drug combinations where targeted agent dose percentage was 100% 137 (55)

Number (%) of patients where targeted agent dose percentage was 100% 14,860 (61)

Median (range) percentile for cytotoxic drug when targeted agent dose percentage was 100% 100 (36–100)

Number (%) of studies where cytotoxic agent dose percentage was 100% 248 (67)

Number (%) of drug combinations where cytotoxic agent dose percentage was 100% 171 (69)

Number (%) of patients where cytotoxic agent dose percentage was 100% 17,635 (72)

Median (range) percentile for targeted drug when cytotoxic agent dose percentage was 100% 100 (17–100)

Number (%) of studies where each drug’s dose percentage was 100%
(e.g. additive dose percentage2 5 200%)

141 (38)

Number (%) of drug combinations where each drug’s dose
percentage was 100% (e.g. additive dose percentage 5 200%)

97 (39)

Number (%) of patients where each drug’s dose percentage was 100%
(e.g. additive dose percentage 5 200%)

11,003 (45)

Number (%) of studies where additive dose percentage was >100%,
with no single drug given at 100%

37 (10)

In studies where additive dose percentage was >100%, with no single drug given at 100%,
median (range) of additive dose percentage

135 (102–175)

Number (%) of studies where additive dose percentage was �100% and safe dose was found 14 (4)

In studies where additive dose percentage was �100% and safe dose was found,
median (range) of additive dose percentage

85 (41–100)

Number (%) of studies where additive dose percentage was �100% and safe dose was not found 3 (1)

In studies where additive dose percentage was �100% and safe dose was not found,
median (range) of additive dose percentage studied

100 (92–100)

Number (%) of studies where additive dose percentage was >100% and safe dose was not found 8 (2)

In studies where additive dose percentage was >100% and safe dose was not found,
median (range) of additive dose percentage given

181 (101–200)

1Excludes hormonal modulators and immunotherapy. 2Additive dose percentage 5 [(safe dose of drug A in combination/dose of drug A as single
agent at FDA-approved dose or RP2D or MTD) 3 100] 1 [(safe dose of drug B in combination/dose of drug B as single agent at FDA-approved dose
or RP2D or MTD) 3 100].
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respectively (additive5 92%)] were published where the lowest
dose level tried was �100% and there was not an acceptable
safety profile. However, lower doses were not attempted.

HDAC and PARP inhibitor combinations

Combinations with HDAC or PARP inhibitors often required
significant dose reductions of both agents and resulted in the
lowest additive dose percentages seen in the study. Panobino-
stat and melphalan were reduced to 38% and 15%, Support-
ing Information Ref. S344, topotecan and veliparib were
reduced to 40% and 1%, Supporting Information Ref. S345,
dacarbazine and olaparib were reduced to 48% and 8%, Sup-
porting Information Ref. S343, topotecan and olaparib, Sup-
porting Information Ref. S342 were administered at 40% and
25%, decitabine and vorinostat, Supporting Information Ref.
S341 were administered at 50% and 25%, and cyclophospha-
mide and veliparib, Supporting Information Ref. S340 were
administered at 70% and 8% of the FDA/RP2D/MTD dose,
respectively due to toxicities at the higher doses. Because
some of these combinations involved topotecan, which is a
notoriously difficult agent to give at full dose, we also exam-
ined the overall impact of topotecan. When topotecan was
given with drugs other than HDAC or PARP inhibitors
(N5 8 studies); the lowest safe additive dose percentage was
100%; when PARP inhibitors were given with a drug other
than topotecan, the lowest additive dose percentage was 56%
(dacarbazine and olaparib).

Discussion
Combining targeted agents with cytotoxic chemotherapy repre-
sents a potential approach to improve therapy in metastatic

carcinomas. In many cases, toxicity is nonoverlapping between
cytotoxic drugs and targeted agents especially with antibody
therapeutics, and these combinations can theoretically modu-
late chemoresistance pathways to promote apoptosis in cancer
cells without increasing toxicity. Bevacizumab, rituximab and
trastuzumab have been combined with cytotoxic chemotherapy
with improved survival and tolerable side effects for colon can-
cer, non-Hodgkin’s lymphoma and breast cancer, respective-
ly.10–13 While classical cytotoxic combination chemotherapy
dosing was previously limited by significant toxicity necessitat-
ing conservative initial dosing, standard care for nononcology
patients or for individuals with cancer and multiple medical
issues routinely involves combining medications based on
established algorithms. Indeed, the average patient with
advanced cancer is on a median of eight drugs for other health
problems prior to starting treatment for malignancy.8 Although
combining targeted therapies with cytotoxic agents can theoret-
ically have fewer side effects than cytotoxic combinations, a
process to calculate initial safe doses either within a clinical trial
or in practice would be of benefit. Furthermore, given the
molecular heterogeneity of metastatic carcinomas, an opti-
mized precision medicine strategy is required for effective treat-
ment and will necessitate the use of such combinations.

The current study aimed to determine the lowest safe
starting doses required for novel two-drug combinations
involving a targeted agent and a cytotoxic agent. We assessed
Phase I–III clinical trials over a 4-year span (N5 24,326
patients). While all studies were able to define safe starting
doses if the additive dose percentage of the combination was
sufficiently lowered, only 38% of studies could administer
both agents at 100% of the FDA-approved/RP2D/MTD dose.

Table 2. Summary of two drugs (targeted and cytotoxic) in combination

Second drug at 100% dose
percentage of FDA/RP2D/MTD

Lowest additive dose percentage
of the combination

One drug at 100% dose percentage of FDA/RP2D/MTD 45% of studies (141/310)
Note: 141 of the 372 total
studies (38%) administered
each drug at 100% dose

117%1 (cytotoxic agent 100%)
136%2 (targeted agent 100%)

Cytotoxic at 100% dose percentage of
FDA/RP2D/MTD (N 5 248 studies)

57% (141/248) 117%1

Targeted agent at 100% dose percentage
of FDA/RP2D/MTD (N 5 203 studies)

69% (141/203) 136%2

No single drug at 100% of the
FDA/RP2D/MTD (N 5 51 studies)3

Not applicable 41%4

82%5 (without HDAC or PARP inhibitors)
97%6 (with antibody as targeted agent)

1Lowest dose percentage was 17% (targeted) plus 100% (cytotoxic): vorinostat (HDAC inhibitor) plus vinorelbine (Supporting Information Ref. S291);
atrasentan (endothelin A receptor antagonist) and pegylated liposomal doxorubicin or docetaxel (Supporting Information Refs. S292–S293). However,
cenersen (antisense against TP53) was given at 16% and idarubicin was at 100%, but dose was not chosen based on toxicity (Supporting Information
Ref. S294). 2Combretastatin A4 phosphate (tubulin binder) was at 36% and bevacizumab was at 100% (Supporting Information Ref. S188). 3In the 51
studies where no single drug was given at 100% dose percentage, the most common grade 3 or 4 toxicities were as follows: (i) neutropenia (N 5 24
(47%) studies); (ii) thrombocytopenia (N 5 8 (16%) studies); (iii) anemia (N 5 5 (10%) studies). For studies (N 5 7) that included HDAC or PARP
inhibitors, the most common toxicities leading to lowered doses were neutropenia and thrombocytopenia (57% and 29% of studies). 4Topotecan and
veliparib (PARP inhibitor) (Supporting Information Ref. S345). 5Chlorambucil was at 46% and imatinib was at 36% (Supporting Information Ref. S339).
6Fludarabine was at 72% and alemtuzumab was at 25% (Supporting Information Refs. S336–S337).
Abbreviations: FDA: Food and Drug Administration-approved dose; HDAC: histone deacetylase; MTD: maximum tolerable dose; PARP: poly-ADP
ribose polymerase; RP2D: recommended Phase 2 dose.
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Subset analyses demonstrated significantly fewer dose reduc-
tions with antibody combinations where 57% of studies could
administer both agents at 100% of the dose percentage as
compared to 30% with small molecule inhibitors as the targeted
agent. Combinations involving HDAC or PARP inhibitors
often resulted in significantly compromised doses, with the
lowest additive dose percentage of the study occurring with
veliparib and topotecan (additive dose percentage5 41%; Sup-
porting Information Ref. S345). PARP inhibitors are generally
well tolerated as single agents when used for BRCA-mutated
patients, but otherwise have limited single agent activity neces-
sitating combination therapy approaches.14 Although PARP
and HDAC inhibitors were classified as targeted therapies, they
damage DNA by affecting DNA expression through acetyla-
tion/deactylation of histones15 and inhibiting repair of single-
strand DNA breaks, respectively,16 and thus can potentiate the
effects of cytotoxic chemotherapy, perhaps leading to signifi-
cant toxicity. As such, they can be considered to have an over-
lapping target with cytotoxic chemotherapeutic agents. In the
absence of HDAC and PARP inhibitors, the lowest safe additive
dose was 82% (imatinib and chlorambucil; Supporting Infor-
mation Ref. S339) and 97% when an antibody was the targeted
agent (alemtuzumab and fludarabine; Supporting Information
Refs. S336–S337; Table 2).

In certain settings, the dose of either the cytotoxic or the
targeted agent may need to be held at 100% of the FDA-
approved/RP2D/MTD dose. We therefore also analyzed safe
starting doses in these situations (Table 2). If the cytotoxic was
given at 100% dose percentage, the lowest safe starting dose of
the targeted agent was 17% of the FDA-approved/RP2D/MTD
dose. If the targeted compound was given at 100% dose
percentage, the lowest safe starting dose of the cytotoxic agent
was 36% of the FDA-approved/RP2D/MTD dose.

We recently described combination therapy with two targeted
agents from adult oncology clinical trials published between
January 1, 2010, through December 31, 2013, and found that in
144 studies (N5 8,568 patients; 95 combinations), the majority
of combinations could have both drugs administered at 100% of
the single agent dose percentage. The lowest safe additive dose
percentage was 60% if targets and/or class of drugs overlapped,
or in the presence of mTor inhibitors, but was otherwise 143%.17

In contrast, the current study which combines a targeted agent
with a cytotoxic agent found significantly more toxicity with
more substantial dose reductions seen.

The current study attempted to provide a rational starting
point for dosing de novo drug combinations involving a targeted
agent and a cytotoxic agent for clinical trials or in practice. Tox-
icity has been a primary concern for oncology therapeutics given
narrow therapeutic windows for classic cytotoxic chemotherapy,
thus the current study focused on determining safe starting doses
to minimize toxicity. A prior study of 55 clinical trials sponsored
by a single entity suggested that patients on Phase I trials had
better response rates and overall survival on higher doses,18 while
a single institution study of 24 clinical trials from various spon-
sors demonstrated that patients who received lower drug doses

did not fare worse than those on higher doses.19 Although it is
unclear if dose reductions in the setting of administration of
multiple agents will alter efficacy, in the absence of significant
toxicity, intrapatient dose escalation to allow for improved effica-
cy can occur if needed. An alternative strategy to maximize effi-
cacy would consider starting most agents at 100% of the dose
percentage and then de-escalating the dose in the setting of tox-
icity. However, given that only 38% of the studies could adminis-
ter both agents at 100% of the FDA-approved/RP2D/MTD dose,
it is likely that this strategy would result in significant toxicity for
the majority of patients treated.

The current study has several limitations. It was restricted
to two-drug combinations of cytotoxic and targeted agents in
adult patients without organ dysfunction. It excluded patients
with renal or hepatic failure, children and elderly patients all
of whom would likely require dosing modifications due to
alterations in organ function based on the metabolism of the
therapeutic. The study also assumed that all patients enrolled
in the trials were at similar risk of adverse events given that
organ dysfunction and elderly patients were excluded, but
differences in performance status and baseline entry criterion
across the trials may have contributed to varying toxicities
between studies. Drug–drug interactions and effects on meta-
bolic proteins leading to changes in the pharmacology of the
therapeutics may have also led to lower safe dose levels. The
study did not consider individual pharmacology, metabolism,
or absorption, but these factors are generally not evaluated
when dosing individual patients even with approved drugs.
The exposures of targeted agents may have varied across
trials with differing chemotherapeutics which may have led
to changes in toxicity and lowered the additive dose percent-
age; however, this information was not consistently available
in the studies. While the study represented a large number of
patients, some clinical trials with significant toxicity may nev-
er have been published, which could result in publication
bias, and thus the observations of the current study may not
be representative of all possible drug combinations. The effect
of lower doses or reduced starting doses prior to individual
dose escalation on efficacy was not analyzed in the current
study. The study also included Phase I–III trials that had dif-
ferent objectives, and thereby represented a heterogeneous
data set. While the current study attempts to address safe
starting doses, it did not analyze dose escalation schemes,
since these have been discussed elsewhere.20,21 While in
general lower doses given in combination were necessitated
by toxicity, in some studies the investigators held one drug at
a preconceived dosing level, which may have led to lower
additive dose percentages.

In conclusion, the basis for starting drugs in Phase I trials has
traditionally been one-tenth of the LD10 in mice (the dose that
results in 10% lethality) or one-third of the toxic dose low (TDL;
the lowest dose that produces a toxic effect in a species over a cer-
tain exposure period) in larger species. However in combination
studies, the method of selection of starting dose is very unclear.
Options include fixing one drug dose and escalating the other or
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stepwise escalation of both drugs. The current study suggests that
in adults with intact organ function, a targeted and cytotoxic dual
drug combination will often require dose reductions for toxicity.
The lowest safe starting additive dose percentage is about 40% if
PARP or HDAC inhibitors are included in the combination. In
the absence of PARP and HDAC inhibitors, the lowest safe addi-
tive dose percentage is around 80% and increases to 100% if an
antibody is included in the combination. A conservative dosing
approach to avoid toxicity would thus start a novel targeted and
cytotoxic combination at 40% and 40% of each drug’s respective
FDA/RP2D/MTD dose. When a PARP or HDAC inhibitor is the
targeted agent, the starting dose will decrease to 20% and 20%,
while if an antibody is used it will increase to 50% and 50% of the
respective FDA/RP2D/MTD doses. It is important to keep in

mind that 38% of patients could tolerate full doses of each drug,
and the median additive dose percentage was 180%, suggesting
that intrapatient dose escalation may permit higher doses in
many individuals. These results provide information on the lowest
safe doses observed in prior studies, which can help inform deci-
sions for safe starting doses of de novo two-agent drug combinations
with a cytotoxic and targeted agent in clinical trials and practice.
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