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Background: In response to the critical shortage of Doxil®, the US Food and Drug
Administration (FDA) allowed temporary importation of non-FDA-approved second-generation
liposomal doxorubicin, Lipo-Dox®. Lipo-Dox utilizes a different liposomal particle than Doxil
and demonstrates different pharmacokinetic properties. Its use has never been evaluated in a
North American population. The objective of this study was to evaluate the efficacy and toler-
ability of Lipo-Dox at Magee-Womens Hospital, University of Pittsburgh Medical Center, for
patients with recurrent epithelial ovarian cancer who were treated during the Doxil shortage.
Methods: Patients treated with Lipo-Dox from January 2012 to December 2012 were identified
retrospectively. Disease response was defined radiographically by RECIST (Response Evaluation
Criteria in Solid Tumors) or biochemically by CA-125 level if measurable disease was not present.
Survival was defined from the start date of Lipo-Dox until the date of progression or death.
Toxicity was assessed by the Gynecologic Oncology Group common toxicity criteria.
Results: Eighteen patients with recurrent epithelial ovarian cancer who received Lipo-Dox were
identified. These patients had a median of three prior treatment regimens. The median number
of Lipo-Dox cycles given was 3.5 (range 1-8). No patients had a complete or partial response.
Two patients had stable disease over a mean follow-up of 144.5 days. Fourteen patients had
progressive disease, with a median time to progression of 82 days. Progression was based on
CA-125 in four patients and RECIST in the remainder. Nine patients died from the disease.
Conclusion: Although this represents a small, pretreated population, there were no clinical
responses to Lipo-Dox, raising the question as to whether it is an equivalent substitute for Doxil.
Further evaluation is needed, but if confirmed, these findings raise concerns regarding the use
of current stocks of Lipo-Dox, as well as the prudence of managing future drug shortages with
pharmacologically similar, but clinically untested drugs.
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Introduction

Epithelial ovarian cancer (EOC) is the leading cause of death from gynecologic cancer
in the USA, with an expected 22,240 new diagnoses and 14,030 deaths in 2013.! Despite
high rates of initial remission with aggressive cytoreductive surgery and platinum-based
combination chemotherapy, approximately 75% of patients will progress or have recur-
rence. Response rates to second-line therapy in these patients generally range from 10%
to 78%, with median overall survival ranging from 6 to 14 months for platinum-resistant
patients to 20-33 months for those with platinum-sensitive disease.>!!
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Doxorubicin is considered an active agent in the treatment
of EOC, but its use is limited by cumulative dose-dependent
cardiac toxicity and myelosuppression. Liposomal encapsula-
tion and PEGylation of doxorubicin maintains efficacy while
improving the toxicity profile by limiting hematologic and
cardiac toxicity; however, palmar-plantar erythrodysesthesia
remains the dose-limiting toxicity. PEGylated liposomal
doxorubicin (PLD) has emerged as an effective and well
tolerated chemotherapeutic agent for recurrent EOC, with
response rates of 8%—26%.%+¢

In November 2011, manufacturing issues resulted in
a national shortage of Doxil® (Ben Venue Laboratories,
Bedford, OH, USA), ie, the PLD formulation used in the
USA. In response to the national drug shortage, the US Food
and Drug Administration (FDA) used enforcement discretion
to allow temporary importation of Lipo-Dox® (Sun Pharma,
Gujarat, India), ie, the second-generation PLD commonly
used in Asian countries. While these agents contain the
same active ingredient, they utilize different liposomal
particles with different phase transition temperatures and
pharmacokinetic properties. While enforcement discretion
requires inspection of foreign manufacturing plants, it does
not require clinical testing of the substitute drug. No study
to date, has investigated the efficacy of Lipo-Dox in a North
American population, despite its widespread use during the
Doxil shortage.

The objective of this study was to retrospectively
evaluate the clinical outcomes and tolerability of Lipo-Dox
in patients with recurrent EOC treated during the drug
shortage period.

Materials and methods

After obtaining institutional review board approval from the
University of Pittsburgh, patients treated at Magee-Womens
Hospital, University of Pittsburgh Medical Center, with
Lipo-Dox from January 2012 through until December 2012
were identified from chemotherapy administration records.
Eligibility criteria included recurrent or progressive EOC,
measurable disease on imaging, or evaluable disease based
on an elevated CA-125 level, and treatment with at least one
cycle of Lipo-Dox during the study period.

Demographic and clinicopathologic data were abstracted
retrospectively from the medical records. Outcome data
of interest included response rates, time to progression,
progression-free survival, overall survival, and toxicity.
Response rates were defined by RECIST (Response
Evaluation Criteria in Solid Tumors) or by CA-125 levels
if measurable disease was not present. Evaluable disease
response, measured by CA-125, was defined as complete

if the CA-125 level normalized for one month or longer,
and partial if a 50% reduction was observed. Progression
was defined either by RECIST or a doubling of CA-125,
while stable disease was defined as those not falling into
partial response or progressive disease. Time to progression,
progression-free survival, and overall survival were defined
from the first cycle of Lipo-Dox to the first documented
progression or death, respectively. Toxicity was defined
by the Gynecologic Oncology Group common toxicity
criteria.'? Descriptive statistics were used for this observa-
tional study.

Results

Eighteen patients with recurrent EOC who received Lipo-Dox
were identified. Demographic and clinicopathologic variables
are listed in Table 1. All women were Caucasian and their
median age was 62 (range 44—72) years. One patient had a
performance status of 2; the remainder had a performance
status of 0. The majority had stage III/IV high-grade serous
EOC and 15 were optimally cytoreduced at initial debulking
surgery. Two patients had neoadjuvant chemotherapy with
optimal interval debulking. The median primary platinum-
free interval was 7 (range 0-39) months, and eight patients
(44%) had platinum-resistant or refractory disease. Eight of
the ten patients who were platinum-sensitive at first recur-
rence received platinum-based, second-line chemotherapy.
The median number of prior treatment regimens was three
(range 1-6). All patients had measurable disease at initiation
of Lipo-Dox.

Table | Patient demographic and clinicopathologic characteristics

Median age, years (range) 62 (44-72)
Stage, n (%)

[ 1 (5.6)

Il 1 (5.6)

1] I (6l.1)

I\ 5(27.8)
Histology, n (%)

Serous 16 (88.9)

Clear cell 1 (5.6)

Endometrioid 1 (5.6)
Cytoreductive status, n (%)

Optimal 15 (83.3)

Suboptimal 3 (l6.6)
Median primary treatment-free interval, months (%) 7 (0-39)

<6 7 (38.9)

6-12 8 (44.4)

>12 3(l6.6)
Median prior chemotherapy regimens (range) 3 (1-6)
Disease status, n (%)

Measurable 18 (100)

Evaluable 0(0)

Note: Data are based on 18 patients.
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Treatment characteristics and clinical outcomes are shown
in Table 2. A median of 3.5 (range 1-8) cycles of Lipo-Dox was
given. Six patients received combination chemotherapy with
the addition of carboplatin (n=2), bevacizumab (n=2), or both
agents (n=2). Patients receiving Lipo-Dox in combination with
carboplatin were dosed at 30 mg/m?; all others received a dose
of40 mg/m?, ie, the same dosing schedule that is used for Doxil
at Magee-Womens Hospital. Two patients received only one
cycle of Lipo-Dox. The first patient had a hypersensitivity reac-
tion, therefore, was switched to gemcitabine and bevacizumab,
and experienced disease progression. The second patient had a
decline in performance status, therefore, was treated with the
best supportive measures, and died approximately 2 months
later without an evaluation of her disease status.

No patient had a complete or partial response during
the treatment period. Two patients had stable disease at a
follow-up at 114 and 175 days, indicating a disease control
rate of 11%. One patient with stable disease was treated
with concurrent carboplatin for her first recurrence after a
6-month progression-free interval. The other patient with
stable disease received single-agent Lipo-Dox after four
prior regimens. Progression was based on RECIST in ten
patients and CA-125 levels in four patients. The median
progression-free survival was 83 (range 25-175) days.
Median overall survival has not been reached as only nine
patients died during the study period. All died from their
disease, with survival ranging from 69 to 223 days.

Table 2 Treatment characteristics and patient outcomes

Median cycles of Lipo-Dox® (range) 3.5 (1-8)
Dose, n (%)

30 mg/m? 4(22.2)

40 mg/m? 14 (77.8)
Combination chemotherapy, n (%) 6(33.3)
Concurrent agents, n (%)

Carboplatin 2 (11.1)

Carboplatin and bevacizumab 2 (11.1)

Bevacizumab 2 (1LT)
Response rate, n (%)

Complete response 0(0)

Partial response 0(0)

Stable disease 2 (11.1)
Progressive disease 14 (77.8)*
Median time to progression, days (range) 82 (25-169)
Median progression-free survival, days (range) 83 (25-175)
Median overall survival Not reached

Toxicity, grade 3 or 4, n (%) 3 (16.6)

Hypersensitivity 1 (5.6)

Myelosuppression 1 (5.6)

PPE 1 (5.6)

Notes: Data are based on 18 patients. *Does not include two patients who
discontinued Lipo-Dox® for reasons other than progression. The manufacturer of
Lipo-Dox® is Sun Pharma, Gujarat, India.

Abbreviation: PPE, palmar-plantar erythrodysesthesia.

Grade 3 or 4 toxicity as defined by Gynecologic Oncology
Group common toxicity criteria was observed in three
patients.!? One patient had a hypersensitivity reaction dur-
ing her first cycle and was not rechallenged. Another patient
had grade 3 leukopenia requiring growth factor support.
A third patient developed palmar-plantar erythrodysesthesia
and required dose reduction.

Discussion

Liposomal doxorubicin has become an important therapeutic
agent in recurrent EOC due to its efficacy and tolerability.
Liposomal encapsulation and surface PEGylation have
extended the half-life of doxorubicin by reducing recognition
by the reticuloendothelial system and slowing drug clearance
at a smaller volume of distribution. PEGylated liposomes
have also demonstrated a passive targeting effect, leading
to preferential accumulation in tumor tissue. The pharma-
cokinetic behavior of PLD reduces myelosuppression and
cardiotoxicity without compromising efficacy.'

The lipid bilayer of the FDA-approved PLD, Doxil, is
composed of hydrogenated soybean phosphatidylcholine
and coated with poly-(ethylene glycol)-distearoylphosp
hatidylethanolamine (HSPC/PEG-DPSE). In the fall of
2011, manufacturing issues resulted in a critical short-
age of Doxil. In response, the FDA exercised temporary
enforcement discretion for the importation of an alter-
native formulation of PLD, Lipo-Dox, which utilizes a
distearoylphosphatidylcholine (DSPC)/PEG-DSPE liposome
with a slightly higher phase transition temperature than
HSPC, and therefore higher stability and a longer half-life.!
Lipo-Dox, while not FDA-approved, utilizes the same active
ingredient, dosage, strength, and route of administration as
Doxil, and is produced in a facility inspected by the FDA
and found to be in compliance with Good Manufacturing
Practice.

Lipo-Dox has been evaluated in Asian populations, with
response rates comparable with studies of Doxil in North
American populations; however, no study has compared
these two agents. Fukuda et al retrospectively evaluated
19 patients with platinum-resistant or refractory EOC
in Japan and demonstrated a 26.3% response rate with
five partial responses. Six additional patients had stable
disease indicating a disease control rate of 58.9%. Median
progression-free survival and overall survival were 188 days
and 381 days, respectively.’® Lipo-Dox was prospectively
evaluated in a Phase II trial of 29 patients with platinum-
resistant or refractory EOC in Taiwan. The overall response
rate was 23.1%, with one complete response, five partial
responses, and nine patients with stable disease. The median
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progression-free survival and overall survival was 5.4 and
13.8 months, respectively.'*

The current study is the first to evaluate the use of Lipo-
Dox in a North American population. Although this represents
a small pretreated population, there were no clinical responses
to Lipo-Dox, with a disease control rate of 11% and median
progression-free survival of 83 days. While these results are
disappointing, previous US studies evaluating PLD have also
had variable outcomes, and European data on Doxil initially
showed no objective responses in 30 patients when presented
to the FDA. Initially, a Phase II study reported by Muggia et al,
of single-agent PLD in a North American population, reported
a 25.7% response rate.® Gordon et al reported on a Phase 11
trial comparing PLD with topotecan in recurrent EOC, with
an overall response rate of 19.7% for PLD and a disease
control rate of 51.9%.2 However, a Phase I1I trial comparing
gemcitabine with PLD in a platinum-resistant population
reported a median progression-free survival of 3.1 months,
a response rate to PLD of 8.3%, and a disease control rate of
46.9%.° A retrospective report, similar to the current study,
on the use of PLD in 17 heavily pretreated patients, with
recurrent EOC, in Turkey demonstrated a 17% response
rate and a disease control rate of 28%.!¢ Despite the current
study population having less platinum-resistant disease than
the aforementioned European and US PLD studies, disease
response and control was less than expected.

Several possible explanations exist to account for the
apparent inferior clinical outcomes of Lipo-Dox in our study.
First, our population of patients was more heavily pretreated,
receiving a median of three prior chemotherapeutic regimens
compared with two prior lines of therapy in the studies
by Chou et al'* and Fukuda et al.'® Second, the patients in
our study received a lower average dose of Lipo-Dox, ie,
40 mg/m,> compared with 45 mg/m? in the Japanese study and
50 mg/m? in the Taiwanese study. Despite these limitations
and the selection bias inherent in retrospective studies, these
results raise the question as to whether this formulation of
PLD has equivalent efficacy in a North American population
when compared with Asian populations, or when compared
with Doxil. The small sample size does not allow for defini-
tive conclusions to be drawn, but does raise the question of
equivalency. One can only speculate on the reasons for this
potential difference, which may include pharmacologic dif-
ferences between the drugs, or differences in the histologic
distribution, or disease biology of ovarian cancer in Asian
and North American populations. Evaluation of the outcomes
at other centers affected by the Doxil shortage should be
encouraged, because prospective evaluation is unlikely to

be conducted with the restoration of the FDA-approved drug
supply, and the outcomes could affect future drug shortage
policy and management.

Temporary importation of foreign drugs has been a
successful strategy for several drug shortages in the recent
past, when manufacturing issues regarding FDA-approved
products cannot be proximately resolved. Manufacturing of
Doxil was resumed in November 2012, and an FDA-approved
generic form of Doxil was introduced onto the market in
March 2012, effectively restoring the domestic drug supply.
Nonetheless, further investigation into the clinical outcomes
of the patients treated with Lipo-Dox during the critical Doxil
shortage is warranted.

Conclusion

Drug shortages are expected to become more frequent in the
future, and strategies including mandated reporting of manu-
facturing issues, and incentivizing generic drug production are
underway.'” Our findings require further evaluation, but call
into question the prudence of using pharmacologically similar,
but clinically untested imported drugs. Confirmation of our
findings would impact the use of current stocks of Lipo-Dox
remaining from the drug shortage period, but more importantly,
provide regulatory guidance on foreign pharmaceutical impor-
tation in the management of future drug shortages. Ongoing
investigation at the institutional level should be encouraged to
ensure equivalent clinical outcomes and patient safety.
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