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LESSONS LEARNED

• The combination of the antiangiogenic agent ziv-aflibercept and the heat shock protein 90 inhibitor ganetespib was asso-
ciated with several serious and unexpected adverse events and was not tolerable on the dosing schedule tested.

• Studies such as these emphasize the importance of considering overlapping toxicities when designing novel treatment
combination regimens.

ABSTRACT

Background. Although inhibition of angiogenesis is an effective
strategy for cancer treatment, acquired resistance to antiangio-
genic therapy is common. Heat shock protein 90 (Hsp90) is a
molecular chaperone that regulates various oncogenic signaling
pathways involved in acquired resistance and has been shown
to play a role in angiogenesis. Combining an antiangiogenic
agent with an Hsp90 inhibitor has therefore been proposed as
a strategy for preventing resistance and improving antitumor
activity. We conducted a single-arm phase I study evaluating
the combination of ziv-aflibercept, an antiangiogenic drug, with
the Hsp90 inhibitor ganetespib.
Methods. Adult patients were eligible if they had recurrent or
metastatic gastrointestinal carcinomas, nonsquamous non-
small cell lung carcinomas, urothelial carcinomas, or sarcomas
that had progressed after at least one line of standard therapy.
Ziv-aflibercept was administered intravenously on days 1 and
15, and ganetespib was administered intravenously on days 1,
8, and 15, of each 28-day cycle.
Results. Five patients were treated with the combination.
Although three patients achieved stable disease, study treat-
ment was associated with several serious and unexpected
adverse events.
Conclusion. The dose escalation phase of this study was not
completed, but the limited data obtained suggest that this

combination may be too toxic when administered on this dos-
ing schedule.The Oncologist 2018;23:1–8

DISCUSSION

The combination of antiangiogenic agents and Hsp90 inhibitors
is theoretically a promising strategy for targeting compensatory
oncogenic pathways. Antitumor efficacy can be achieved with
therapies that block blood vessel formation, and the addition
of an Hsp90 inhibitor to these agents could enhance antiangio-
genic effects while also blocking oncogenic pathways that con-
tribute to resistance. Based on this rationale, we conducted a
phase I dose escalation trial (NCT02192541) testing the combi-
nation of ganetespib, an Hsp90 inhibitor, and ziv-aflibercept
(Zaltrap; sanofi-aventis, Bridgewater, NJ; also known as vascular
endothelial growth factor [VEGF]-Trap), a fusion protein that
binds and traps VEGF-A, VEGF-B, and placental growth factor.
Adult patients were eligible if they had recurrent or metastatic
gastrointestinal carcinomas, non-small cell lung carcinomas
(NSCLC), urothelial carcinomas, or sarcomas with disease pro-
gression following all treatments known to prolong survival.

Five patients with solid tumors (three colon adenocarcino-
mas, one small bowel adenocarcinoma, and one rectal adenocar-
cinoma) were enrolled in the study. Patients received ganetespib
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on days 1, 8, and 15, and ziv-aflibercept on days 1 and 15, of each
28-day cycle. The starting dose level (DL 1) was ganetespib at
100 mg/m2 intravenously (IV) and ziv-aflibercept at 4 mg/kg IV;
after the second patient, the dose was de-escalated from DL 1 to
DL21 (ganetespib 100mg/m2 IVand ziv-aflibercept 3mg/kg IV).

Although three of four evaluable patients on study exhibited
stable disease, patients experienced multiple adverse events
(AEs) ranging from grade 2 to grade 5, with gastrointestinal toxic-
ities being the most common (Table 1). Four of five patients
treated with the combination experienced at least one grade 2
AE at least possibly related to the study drugs. Grade 3 events
included abdominal pain, gastritis, and an increase in alkaline
phosphatase. There were two deaths on trial from events
deemed possibly related to study treatment: one from grade 5
perforation of the small bowel and one sudden death not other-
wise specified, potentially due to a gastrointestinal hemorrhage.
In addition, one patient in the study died from grade 5 rectal per-
foration, but this event was attributed to surgical complications
and not study drug administration. The trial was closed before
themaximum tolerated dose (MTD) was reached.

The escalation phase of this study was not completed, but
based on the limited data obtained, the combination of gane-
tespib and ziv-aflibercept may be too toxic for clinical use.
Ziv-aflibercept is known to be associated with gastrointestinal
perforation; concurrent administration with ganetespib, a drug
that carries its own risk of gastrointestinal AEs, does not appear
to be tolerable. It remains to be determined whether similar
toxicities would be observed in patients treated with combina-
tions of different VEGF and Hsp90 inhibitors. These results

emphasize the need for caution when conducting studies of
novel drug combinations.

TRIAL INFORMATION

Disease Bladder cancer

Disease Colorectal cancer

Disease Lung cancer—NSCLC

Disease Sarcomas—Adult

Stage of Disease/Treatment Metastatic/advanced

Prior Therapy No designated number of regimens

Type of Study - 1 Phase I

Type of Study - 2 31 3

Primary Endpoint Safety

Primary Endpoint Tolerability

Primary Endpoint Maximum tolerated dose

Secondary Endpoint Pharmacodynamic

Additional Details of Endpoints or Study Design

Eligibility Criteria
Patients 18 years or olderwere eligible if they had histologically confirmed recurrent ormetastatic gastrointestinal carcinomas, non-small cell
lung carcinomas, urothelial carcinomas, or sarcomaswith disease progression following all treatments known to prolong survival, unless a
given treatmentwas contraindicated. Patients were required to have an Eastern CooperativeOncology Group (ECOG) performance status
�2; a life expectancy of>3months; and normal organ andmarrow function as defined by an absolute neutrophil count�1,500/lL, platelets
�100,000/lL, total bilirubin�1.53 institutional upper limit of normal (ULN), aspartate transaminase and alanine transaminase�33 ULN,
creatinine�1.23 ULN (or creatinine clearance�60mL/minute/1.73m2 for patients with creatinine levels above institutional normal), urine
protein/creatinine<1mg/mg, and international normalized ratio (INR)<1.5.
Patients were required to have optimally controlled blood pressure (defined as blood pressure below 140/90mmHg) prior to enrollment
and to have cardiac functionwithin institutional normal limits on echocardiogram.
Patients were excluded from the study if they had undergone chemotherapy or radiotherapy within 3 weeks (6 weeks for
nitrosoureas or mitomycin C) prior to entering the study, had active brain metastases or carcinomatous meningitis, uncontrolled
intercurrent illness including ongoing or active untreated infection, serious cardiac illness, or medical conditions, or had
undergone major surgery within 4 weeks prior to enrollment. Human immunodeficiency virus-positive patients on combination
antiretroviral therapy were considered ineligible because of the potential for pharmacokinetic interactions with ganetespib and

Table 1. Adverse events by patient

Adverse event Grade 2 Grade 3 Grade 5

Abdominal pain — 1 —

Alanine aminotransferase
increased

1 — —

Alkaline phosphatase
increased

— 1 —

Anorexia 1 — —

Diarrhea 1 — —

Electrocardiogram QT
corrected interval prolonged

1 — —

Fatigue 1 — —

Gastritisa — 1 —

Hypertensiona 1 — —

Hypocalcemia 1 — —

Infusion-related reaction 1 — —

Lymphocyte count decreased 1 — —

Small intestinal perforationa — — 1

Sudden death NOSa — — 1

Highest grade reported (grade 2 or greater) at least possibly related
to study drugs. Adverse events were considered possibly attributable
to both study drugs, except where otherwise noted.
aPossibly related to ziv-aflibercept; unlikely to be related to ganetespib.
Abbreviations: —, no event observed; NOS, not otherwise specified.
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ziv-aflibercept. Patients were advised to avoid concomitant drugs that may cause QTc prolongation. Pregnant women and
women who were breastfeeding were excluded.

Study Design
This was an open-label, single-arm, phase I trial evaluating the combination of ganetespib and ziv-aflibercept in patients with
refractory gastrointestinal carcinomas, nonsquamous non-small cell lung carcinomas, urothelial carcinomas, and sarcomas. Gane-
tespib and ziv-aflibercept were supplied by the National Cancer Institute’s Division of Cancer Treatment and Diagnosis under Col-
laborative Research Agreements with Sanofi and Synta Pharmaceuticals (now Madrigal Pharmaceuticals, Inc.).

Ganetespib was dosed based on body surface area (mg/m2) and administered intravenously, over 1 hour, weekly, on days 1, 8,
and 15 of each 28-day cycle. Ziv-aflibercept was dosed based on body weight (mg/kg) and administered intravenously, over
1 hour, every 2 weeks, on days 1 and 15 of each 28-day cycle. The escalation portion of the trial was planned as a standard 31 3
design, in which patients were to be dose-escalated to the next dose level (DL) in cohorts of 3 until a dose-limiting toxicity was
observed. The starting dose level (DL 1) was ganetespib at 100 mg/m2 and ziv-aflibercept at 4 mg/kg. The trial included an
expansion phase to be opened once the MTD was established; this phase was designed to enroll 10 additional patients for the
collection of tumor biopsies to be used for the assessment of pharmacodynamic endpoints.

AEs were graded according to Common Terminology Criteria for Adverse Events, version 4.0. Dose-limiting toxicity was based on
events observed in the first cycle of therapy and was defined as an AE that was related (possibly, probably, or definitely) to
administration of study drugs and fulfilled one of the following criteria: grade �3 nonhematological toxicity (except grade 3
diarrhea, nausea, vomiting responsive to supportive therapy); grade �3 rise in creatinine (except grade 3 able to be corrected to
grade 1 with IV fluids within 48 hours); grade �3 metabolic toxicity (except asymptomatic toxicities able to be corrected to grade
1 or baseline within 48 hours; for hypokalemia or hyperkalemia, grade �2 toxicities were considered dose-limiting if unable to
be corrected); grade 4 QTc prolongation; grade 4 thrombocytopenia or grade 3 thrombocytopenia associated with bleeding;
grade 4 neutropenia �5 days or febrile neutropenia; grade 3 fatigue of greater than 1 week duration; or failure to tolerate
100% of the dosing in the first cycle. Any degree of anemia, leukopenia in the absence of grade 4 neutropenia �5 days, or
lymphopenia were not considered dose-limiting. Any degree of alopecia was not considered dose-limiting.
Radiologic response assessments by computed tomography scans were performed at baseline and every two cycles to evaluate
tumor response based on the RECIST, version 1.0.

This trial was conducted under a National Cancer Institute-sponsored investigational new drug application with institutional
review board approval. Protocol design and conduct followed all applicable regulations, guidance, and local policies.

Safety Assessments
History and physical examination were performed at baseline, at the start of every cycle, and on the 8th and 15th days of each
cycle. Complete blood counts with differential and serum chemistries were performed at baseline, weekly during cycles 1 and 2,
and at the start of every subsequent cycle. During the first cycle, electrocardiograms were done before each ganetespib
administration and approximately 24 hours after drug administration during each week of treatment; for subsequent cycles,
electrocardiograms were performed before each ganetespib administration and as clinically indicated after treatment. All study
participants were required to have a baseline eye exam by a qualified ophthalmologist within 4 weeks prior to enrollment and as
clinically indicated thereafter.

Investigator’s Analysis Poorly tolerated/not feasible

DRUG INFORMATION

Drug 1

Generic/Working Name Ziv-aflibercept

Trade Name Zaltrap

Company Name sanofi-aventis U.S. LLC

Drug Type Recombinant fusion protein

Drug Class Angiogenesis—VEGF

Dose 3 or 4 mg/kg

Route IV

Schedule of Administration Over 1 hour on days 1 and 15 of each 28-day cycle
(every 2 weeks)

Drug 2

Generic/Working Name Ganetespib

Company Name Synta Pharmaceuticals (now Madrigal Pharmaceuticals, Inc.)

Drug Type Small molecule

Drug Class Hsp90

Dose 100 mg/m2

Route IV

Schedule of Administration Over 1 hour on days 1, 8, and 15 of each 28-day cycle
(3 weeks on/1 week off)
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DOSE ESCALATION TABLE FOR PHASE I COMBINATION TREATMENT

PATIENT CHARACTERISTICS
Number of Patients, Male 2

Number of Patients, Female 3

Stage Metastatic/advanced

Age Median (range): 60 (50–67)

Number of Prior Systemic Therapies Median (range): 8 (5–15)

Performance Status: ECOG 0 — 0

1 — 5

2 — 0

3 — 0

Unknown — 0

Cancer Types or Histologic Subtypes Colon adenocarcinoma 3

Duodenum adenocarcinoma 1

Rectal adenocarcinoma 1

PRIMARYASSESSMENT METHOD

Title Total patient population

Number of Patients Enrolled 5

Number of Patients Evaluable for Toxicity 5

Number of Patients Evaluated for Efficacy 4

Evaluation Method RECIST 1.0

Response Assessment CR n 5 0 (0%)

Response Assessment PR n 5 0 (0%)

Response Assessment SD n 5 3 (75%)

Response Assessment PD n 5 1 (25%)

Response Assessment OTHER n 5 0 (0%)

(Median) Duration Assessments Response Duration 4 months

(Median) Duration Assessments Duration of Treatment 4 months

Outcome Notes
Patients were treated with ganetespib and ziv-aflibercept for one to five cycles (Figure 1). Four patients were evaluable for
response; three had a best response of stable disease for a median of 4 months and one had progressive disease. One patient
who achieved stable disease for five treatment cycles chose to withdraw from the study. The other two patients with stable dis-
ease died on study but did not show signs of disease progression on their last completed restaging scans.

PHASE I COMBINATION TREATMENTADVERSE EVENTS
All Cycles

Dose level
Dose of drug:
ziv-aflibercept

Dose of drug:
ganetespib

Number
enrolled

Number evaluable
for toxicity

22 3 mg/kg 80 mg/m2 0 0

21 3 mg/kg 100 mg/m2 3 3

1 4 mg/kg 100 mg/m2 2 2

2 4 mg/kg 150 mg/m2 0 0

Name NC/NA 1 2 3 4 5 All grades

Alanine aminotransferase increased 80% 0% 20% 0% 0% 0% 20%

Alkaline phosphatase increased 80% 0% 0% 20% 0% 0% 20%

Anorexia 80% 0% 20% 0% 0% 0% 20%

Diarrhea 80% 0% 20% 0% 0% 0% 20%

Electrocardiogram QT corrected
interval prolonged

80% 0% 20% 0% 0% 0% 20%
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SERIOUS ADVERSE EVENTS

ASSESSMENT, ANALYSIS, AND DISCUSSION

Completion Study terminated before completion

Terminated Reason Company stopped development

Investigator’s Assessment Poorly tolerated/not feasible

A critical feature of cancer progression is tumor angiogene-
sis, the process whereby malignant cells drive the formation of
new blood vessels [1, 2]. One of the antiangiogenic drugs that
have been developed for cancer treatment is ziv-aflibercept, a
U.S Food and Drug Administration-approved fusion protein
with high binding affinity for vascular endothelial growth factor
(VEGF)-A, VEGF-B, and placental growth factor. These factors
are potent signaling proteins secreted by tumors to stimulate
blood vessel formation [3, 4]. Ziv-aflibercept has been shown
to be tolerable and effective when combined with chemother-
apy, and phase I dose escalation studies established the recom-
mended phase II dose (RP2D) as 4 mg/kg administered
intravenously (IV) every 2 weeks [5, 6].

Although ziv-aflibercept and other antiangiogenic drugs
have demonstrated clinically significant antitumor activity, the
ability of these agents to produce durable, long-term responses
is limited [7]. Hypoxia in tumor tissue induces a cellular
response that activates oncogenic signaling pathways, which
can result in resistance to therapy and promote tumor growth
[8, 9]. One potential treatment strategy is to combine antian-
giogenic treatment with inhibition of heat shock protein 90
(Hsp90), a molecular chaperone that assists in the stabilization
of multiple oncogenic proteins, including those involved in
tumor invasion, metastasis, and avoidance of apoptosis [10].
Importantly, Hsp90 plays an essential role in angiogenesis by
not only modulating VEGF signaling and vessel formation but

also by stabilizing the hypoxia-inducible factor-1 a (HIF-1a)
dimerization complex required for endothelial cell proliferation
[11–13]. Combining an Hsp90 inhibitor with an antiangiogenic
agent therefore allows for the targeting of multiple oncogenic
pathways, including those that promote angiogenesis and
those that drive tumor invasion in response to antiangiogenic
therapy.

Ganetespib is an Hsp90 inhibitor that leads to themisfolding
and degradation of Hsp90-associated proteins [14, 15]. A first-
in-human phase I dose-escalation study established the RP2D to
be 200 mg/m2 given IV on days 1, 8, and 15 of each 4-week
cycle; ganetespib was well tolerated on this dosing schedule
[16]. Furthermore, clinical activity of ganetespib monotherapy
was demonstrated in phase II studies of patients with non-small
cell lung carcinomas and metastatic breast cancer [17, 18].

Our phase I study to assess the safety of combining the
antiangiogenic agent ziv-aflibercept with the Hsp90 inhibitor
ganetespib demonstrated serious toxicity and suggested that
this combination is intolerable on the tested 28-day schedule.
Ziv-aflibercept is known to be associated with gastrointestinal
perforation and hemorrhage [19], and ganetespib also carries
the risk of gastrointestinal toxicity [14]; in combination, these
agents were associated with several gastrointestinal adverse
events (AEs), ranging from grade 2 to grade 5 in severity. Further
preclinical studies are needed to determine if similar adverse
events would be observed with combinations of different VEGF

Fatigue 80% 0% 20% 0% 0% 0% 20%

Gastritis 80% 0% 0% 20% 0% 0% 20%

Hypertension 80% 0% 20% 0% 0% 0% 20%

Abdominal pain 80% 0% 0% 20% 0% 0% 20%

Hypocalcemia 80% 0% 20% 0% 0% 0% 20%

General disorders and administration
site conditions—Infusion-related reaction

80% 0% 20% 0% 0% 0% 20%

Lymphocyte count decreased 80% 0% 20% 0% 0% 0% 20%

Small intestinal perforation 80% 0% 0% 0% 0% 20% 20%

Sudden death NOS 80% 0% 0% 0% 0% 20% 20%

Adverse events by patient, grade 2 or greater. Highest grade reported at least possibly related to study drugs. AEs were considered possibly attrib-
utable to both study drugs, except in the cases of gastritis, hypertension, small intestinal perforation, and sudden death NOS, which were all
deemed possibly related to ziv-aflibercept (unlikely to be related to ganetespib).
Abbreviations: NC/NA, no change from baseline/no adverse event; NOS, not otherwise specified.

Name Grade Attribution

Small intestinal perforation 5 Possible

Sudden death NOS 5 Possible

Serious adverse events possibly related to study treatment. Both events were considered to be possibly related to ziv-aflibercept (unlikely to be
related to ganetespib).
Abbreviation: NOS, not otherwise specified.
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and Hsp90 inhibitors and whether adjusting the dose or treat-
ment schedule would make this treatment strategy feasible. The
inclusion of pharmacodynamic assays in future clinical studies,
such as the measurement of HIF-1a and Hsp90 client proteins in
tumor tissue before and after treatment, may provide evidence
of antitumor activity and further support for optimizing this com-
bination [20] (unfortunately, in the present study, these bio-
marker measurements were planned only for the expansion
cohort and were therefore not obtained).

Drug studies that combine established treatments with novel
agents or with new applications of known agents represent an
exciting area of clinical research. Due to tumor cell heterogene-
ity, targeted agents like ganetespib and ziv-aflibercept—although
less harmful to normal cells than conventional chemothera-
pies—have been shown to have limited single-agent antitumor
activity and may need to be administered in combination in
order to achieve meaningful clinical benefit. Combination ther-
apy with agents that target complementary pathways may, in
addition to preventing the development of treatment resistance,
demonstrate synergistic antitumor activity compared with either
agent alone [21, 22]. However, as our results show, tolerability is
a significant issue to consider when developing novel combina-
tion regimens with drugs that may have overlapping toxicities.
Although gastrointestinal perforation is noted as a risk of both
ganetespib and ziv-aflibercept, these events are extremely rare,
and it is not clear if the one grade 5 small bowel perforation in
the current trial was coincidental (and its significance inflated
due to the small number of patients) or truly representative of
synergistic toxicity. This difficulty in determining the independent
actions of individual drugs, and differentiating them from the
direct results of administering drugs in combination, has been
recognized and discussed in the literature and remains a chal-
lenge when interpreting the results of combination studies [23,
24]. Furthermore, the incidence of AEs in combination studies
can be affected by pharmacokinetic and pharmacodynamic
interactions between drugs, which can alter drug exposure and
potentially lead to an increase in the frequency and severity of
known AEs as well as to unexpected toxicities [25–27].

Many of the challenges of designing tolerable combinations
stem from a lack of understanding of how novel targeted thera-
pies affect normal cells. Preclinical studies performed in tumor
models often focus only on the evaluation of tumor cell signaling
without considering the consequences of the drug on normal
cells or tissue [28]. Although combination regimens are thought
to be effective due to the ability to target multiple aberrant sig-
naling pathways, this approach carries significant risk of toxicity
to normal cells with unaltered survival mechanisms. The toxicity
of targeted agent combinations is typically not explored in pre-
clinical models, with investigators relying instead on single-agent
data to determine the safety of novel combinations. Due to the
lack of preclinical data on the toxicity of specific combinations,
the design of these trials requires vigilance and careful selection
of treatment doses and schedules [27].

The results presented here emphasize the need to use cau-
tion when conducting studies of novel drug combinations. How-
ever, in cases in which side effects can be successfully managed,
the potential benefits of drug combination trials are likely to out-
weigh the risks. Rationally designed combination trials represent
a promising avenue for combating resistance to anticancer thera-
pies and improving the options for treatment. As in the case of
this trial, careful monitoring of expected and unexpected toxicity
is required to achieve an acceptable risk/benefit ratio.
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Figure 1. Number of treatment cycles for the four evaluable
patients. The dose level for each patient is shown (DL 1 or DL 21).
The reason for the patient going off treatment is indicated in the
legend. Abbreviations: *, patients who achieved a best response
of stable disease; DL, dose level.
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