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VATS lobectomy facilitates the delivery of adjuvant docetaxel-
carboplatin chemotherapy in patients with non-small cell lung cancer
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ABSTRACT Background: To evaluate the safety and tolerability of docetaxel/carboplatin regimen in the post-operative setting of
patients with non-small cell lung cancer (NSCLC).

Methods: Enrolment of 133 patients with stage Ib - IIla NSCLC was undertaken in an open-label, single arm study to assess
the safety and tolerability of docetaxel (75 mg/kg) and carboplatin (AUC 5.5) administered for 3 cycles after resection
for curative intent. The primary endpoint of the study was safety, as reflected by a febrile neutropenia rate of <10%. Other
endpoints assessed protocol compliance and the impact of minimally invasive surgical technique.

Results: Patient accrual was completed at 1 center in the US and 10 centers in China in <6 months. Febrile neutropenia
complicated treatment in 12 patients (9.0%), below the predetermined safety threshold of 14 patients. Four VATS and 8
open thoracotomy patients experienced febrile neutropenia (P=0.26). Completion of the three-cycle adjuvant regimen
was achieved in 86% (95% CI, 77-95%) of patients. Sixty-two of 66 VATS patients compared to 53 of 67 open thoracotomy
patients received all three doses according to protocol (P<0.01). Thirteen serious adverse events (9.8%) and no deaths were
attributed to the study regimen.

Conclusions: In this rapidly accrued study, docetaxel and carboplatin were well-tolerated in the adjuvant treatment of
NSCLC. Adjuvant treatment compliance was higher among patients undergoing a minimally invasive surgical approach.
(ClinicalTrials.gov number NCT00883675).
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Introduction

With an ever-increasing array of novel therapeutics competing

for clinical resources, the rate at which new cancer treatments
can be evaluated and made available to under-served populations
depends heavily on the recruitment of patients into mid-stage

and late-stage clinical trials. For many cancers, including non-

small cell lung cancer (NSCLC), this rate of development
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target sample sizes and compromise the studies’ power to fully
evaluate their therapeutic strategies (1). This problem has been
particularly pronounced in the area of post-operative adjuvant
therapies. The China Clinical Trials Consortium (CCTC),
a cooperative group formed to facilitate the development of
advanced clinical research in China, has been designed to access
in a rapid, efficient and rigorous manner extremely large pools

of cancer patients previously unavailable to participate in the
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development of new cancer therapies.

Compared to many other cancers, overall survival among
patients with NSCLC remains poor, even when the disease is
discovered in its earliest stages (2). Attempt at curative resection
even for stage IA patients, for example, is associated with only
70-75% survival (3,4); survival after resection for stages II-
IIIA ranges from 30-50% (4). Early, undetected metastasis is
responsible for the vast majority of the failures of these local
treatments, and adjuvant systemic therapies for NSCLC have
therefore been investigated extensively. Whereas alkylating
agents do not seem to add any survival benefit in this patient
population, platinum-based combination (doublet) therapies
have consistently been shown to confer an absolute S-year
survival benefit ranging between 4% and 15% (5-9).

Positive randomized studies of adjuvant chemotherapy for
NSCLC have studied combinations of cisplatin with either
etoposide or a vinca alkaloid (e.g, vinorelbine), or of carboplatin
and paclitaxel (6-9). The combination of carboplatin and
docetaxel has been studied in patients with advanced-stage
NSCLC in patients who had not received any prior therapy (10).
In that study, the efficacy of this combination was comparable
to that of a cisplatin-vinorelbine doublet. Grade 3 or 4 toxicity
in the form of nausea, vomiting or anemia, however, was
higher among patients receiving vinorelbine than among
patients receiving docetaxel combined either with cisplatin or
carboplatin. A number of quality of life parameters were also
improved in the docetaxel arms compared to the patients who
had received vinorelbine.

Benefit from chemotherapy, whether administered as a
first line agent for late-stage patients or in the adjuvant setting
after an attempt at curative resection, depends on successful
completion of a prescribed course of therapy (11). In this regard,
successful completion of adjuvant regimens has been somewhat
disappointing in previously reported studies (7,8), likely related
to the reduced functional status of patients still recovering from
anatomic lung resection. In two studies of adjuvant cisplatin-
vinorelbine, for example, only 58-61% of eligible patients
completed at least 3 cycles of post-operative chemotherapy; in
one study 77% of patients required at least one dose reduction or
omission (7), while in the other 62% of patients received <66%
of the planned dose of vinorelbine and 37% tolerated only <66%
of the total dose of cisplatin (8). The combination of docetaxel
and carboplatin, on the other hand, has been well-tolerated as
a first line therapy for late stage patients (10). Only one study,
however, has evaluated the safety and tolerability of this regimen
in the post-operative setting, and its small sample size and
long accrual period likely compromised its ability to establish
its pre-defined safety target (12). We therefore assessed these
parameters in a cohort of 133 patients in an open-label, single
arm study. The CCTC was enlisted to accelerate completion of
the study.

Study Design and Patients

For this open label study, the primary endpoint of safety was
defined as a febrile neutropenia rate of 10% or less. A Simon'’s
two-stage sequential design (13) indicated that a sample size of
133 would yield a power of 90% with the alpha set 5% to test the
null hypothesis that P<0.850 versus the alternative hypothesis
that P>0.930 where P was the absence of febrile neutropenia.
Accordingly, the combination of docetaxel and carboplatin
would be rejected if 14 or more cases of febrile neutropenia were
observed in conjunction with this adjuvant therapy.

Enrollment of patients took place at a single center in the
United States (Dartmouth-Hitchcock Norris Cotton Cancer
Center) and at ten sites in China that were early members
of the CCTC. Five patients were enrolled during a pilot
phase at CCTC sites between July and September 2009. The
remaining 128 patients were subsequently enrolled within a
six-month period between October 2009 and April 2010. Two
patients were enrolled during this period in the US; 39, 45 and
47 patients were enrolled at centers in Beijing-Tianjin,
Guangzhou and Shanghai, respectively. The protocol was
approved by an ethics committee at each center, and was
conducted according to the Declaration of Helsinki and the
International Committee on Harmonization guidelines for Good
Clinical Practice (ICH-GCP, E6). Every patient provided written
informed consent according to GCP guidelines. An independent
data and safety monitoring board was also appointed.

Eligibility criteria included: 2-8 weeks within complete
resection (RO) of pathologically confirmed NSCLC, stage
IB-IIIA according to IASLC 7" TNM staging system (14), via
lobectomy, bilobectomy or pneumonectomy plus formal lymph
node dissection; age >17 and ECOG status 0-1 with normal
organ function based on blood counts and chemistries. Patients
with concurrent malignancies or who received any prior therapy
for NSCLC were excluded, as were HIV-positive patients and
patients with grade 2 or higher neuropathy, treatment within
30 days with any other investigational anti-cancer agent, previous
treatment with docetaxel or carboplatin, or hypersensitivity to

platinum.
Procedures

Patients were registered in the study after undergoing resection
with curative intent and after confirmation of eligibility criteria.
After providing written informed consent, patients were
prescribed a total of three courses of combination therapy
with docetaxel (75 mg/m* IV) and carboplatin [AUC 5.5 x
(estimated creatinine +25)]. Docetaxel was administered before
carboplatin on the first day of each three-week cycle. Complete
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blood counts were measured each week until the completion of
all three cycles, and blood chemistries were measured prior to
initiation of each cycle. An absolute neutrophil count of at least
1,200/mm’ was required before each cycle, and specified dose
modifications were instituted for various grades of neutropenia
and/or thrombocytopenia. Patients requiring more than 2 dose
reductions were removed from the study; colony-stimulating
factors were used at the discretion of physicians according to
published American Society of Clinical Oncology (ASCO)
guidelines. Patient follow up visits were scheduled at 3, 6, 12,
18 and 24 months after the last dose of chemotherapy, and every
12 months thereafter until the 60-month follow up is reached.

Statistical analysis

The primary endpoint was defined as the rate of febrile
neutropenia associated with the adjuvant administration of
docetaxel/carboplatin. Secondary endpoints such as rates
of adverse events (AEs) and serious adverse events (SAEs),
specific toxicities (based on highest grade according to Common
Terminology Criteria for Adverse Events, version 4.0), dose
modifications, removal from the study, and completion of
the three prescribed cycles of chemotherapy were assessed as
indicators of the regimen’s tolerability. Post-hoc comparison
of chemotherapy utilization was made between patients
undergoing a minimally invasive video-assisted thoracoscopic
surgery (VATS) approach versus traditional open thoracotomy.
Dichotomous variables were compared using a Chi-squared test,
while continuous variables were compared using Student’s t-test.

A P-value of <0.05 was considered statistically significant.

After a preliminary three-month period of protocol initiation,
96% of patient enrollment was completed between October
2009 and April 2010. A total of 89 men (67%) and 44 women
(33%) were enrolled; patient characteristics are summarized
in Table 1. Lobectomy was performed in 118 patients (89%,
including 3 sleeve lobectomies), while the remaining patients
received either bilobectomy (7.5%) or pneumonectomy (8.6%).
Sixty-six procedures (50%) were performed using a VATS
approach, including 62 lobectomies (53% of lobectomies),
1 bilobectomy (14% of bilobectomies), and 3 pneumonectomies
(38% of pneumonectomies).

A total of 115 patients (86%) completed three cycles of
docetaxel-carboplatin therapy according to protocol (Table 2).
Discontinuation of therapy resulted from adverse reactions in
6 cases (4.5%) and patient withdrawal in 12 (9%). Among
patients receiving all three cycles, only 2 (1.5%) received less
than 66% of their target doses of carboplatin, and 3 (2.3%)
received between 67 and 75% of their carboplatin doses, all

S tolerating their full docetaxel doses (Table 3). Docetaxel dose
reduction was required in only 4 patients (3.5%) receiving all
three cycles. Among patients receiving all three cycles, 74 (64%)
received full dose chemotherapy; 56% of patients in the study
therefore received all three cycles of full-dose chemotherapy.
Utilization of a VAT'S approach for resection was associated with
a lower rate of therapy discontinuation; 62 of 66 VATS patients
compared to 53 of 67 open thoracotomy patients received all
three doses according to protocol (P<0.01). In addition, only
1 VATS patient receiving all three doses required a dose
reduction of >10% of the target doses, compared to 16 patients
undergoing open thoracotomy (P<0.001). Interestingly,
there was no difference in the time from surgery to initiation
of chemotherapy between the VATS patients and the open
thoracotomy patients (32+10 and 34+9 days, respectively,
P=0.4).

Febrile neutropenia was encountered in a total of 12
patients (9.0%), below the pre-defined safety threshold rate of
14 cases. Five cases occurred after the second cycle of adjuvant
chemotherapy, with the remainder occurring after the third
cycle. Hospitalization for febrile neutropenia was required
only in 1 case; each case resolved without serious complication
(Table 4). Four VATS patients and 8 open thoracotomy
patients experienced febrile neutropenia (P=0.26). There were
no treatment related deaths, and grade 3 or 4 toxicities are
reported in Table 5. Some degree of neutropenia was observed in
74 patients (56%); grade 3 or 4 neutropenia was observed in
5SS patients (41%). Grade 3 or 4 nausea, vomiting or diarrhea
was encountered in only 3 patients (2%) during the course of
therapy.

Eighteen serious adverse events (SAEs) were encountered in
14 (10.5%) patients, including 4 allergic reactions to docetaxel
that required discontinuation of therapy, two of which required
hospitalization for hypotension (Table 6). Nine of the other
SAEs involved hospitalization, either for febrile neutropenia
(1 patient), infection (3 patients), severe neutropenia 3 patients)
or severe vomiting/diarrhea (2 patients); the last SAE involved a

pelvic infection requiring intravenous antibiotics.

According to the pre-specified criteria, the combination of
docetaxel and carboplatin was determined in this study to be safe
in the adjuvant treatment of NSCLC. There were no treatment-
related deaths. Febrile neutropenia was encountered in 9.0%
of patients, which is comparable to febrile neutropenia rates
of 5-14% reported with other common regimens for NSCLC,
either in the first line or adjuvant setting (5-10,15). The rate of
treatment-related hospitalization (11/133, 8.3%) was similarly
low, with the only other SAEs involving allergic reactions or
infection that did not require hospitalization. Other Grade
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Table 1. Patient characteristics.
Open thoracotomy VATS Total
Age (years)
Median [Range] 60 [32-80] 63 [40-80] 61 [32-80]
Sex
Male 46 43 89 (67%)
Female 21 23 44 (33%)
Days till First Chemotherapy (+/- SD) 34 (+/-9) 32 (+/- 10) 33 (+/- 10)
Type of surgery
Pneumonectomy 5 3 8 (6%)
Bilobectomy 6 I 7 (5%)
Lobectomy 56 62 118 (89%)
Stage
IB 14 6 20 (15%)
1A 22 30 52 (39%)
1B I I 22 (17%)
INA 20 19 39 (29%)
Histology
Adenocarcinoma 37 42 79 (59%)
Squamous cell 23 17 40 (30%)
Large cell 4 I 5 (4%)
Other 3 6 9 (7%)
LN Status
NO 32 35 67 (50%)
NI 17 14 31 (23%)
N2 18 17 35 (27%)
ECOG
0 9 16 25 (19%)
| 58 50 108 (81%)
Table 2. Protocol compliance.
Patients who completed Open thoracotomy VATS
Cycle | 67 (100%) 66 (100%)
Cycle Il 58 (87%) 62 (94%)
Cycle llI 53 (79%) 62 (94%)*
*P<0.01 vs. Open thoracotomy.
Table 3. Percent of target carboplatin dose in patients completing 3 cycles.
Percent of target carboplatin dose in Open thoracotomy (Percent of 53 patients VATS (Percent of 62 patients who
patients completing 3 cycles who received 3 doses) completed 3 doses)
<66% 2 (4%) 0 (0%)
67-75% 3 (6%) 0 (0%)
76-90% Il (21%) I (2%)
91-99% 15 (28%) 9 (14%)
100% 22 (41%) 52 (84%)**
**P<0.001 vs. Open thoracotomy.
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Table 4. Regimen toxicity of febrile neutropenia.
Febrile neutropenia
Total 12 (9%)
Requiring hospitalization I (1%)
Table S. Regimen safety and toxicity.
Toxicity Grade 3 Grade 4
Death 0 0
Neutropenia 26 (19%) 29 (22%)
Anemia 1 (19%) 0
Thrombocytopenia 1 (19%) I (19%)
Fatigue 1 (19%) 0
Nausea 1 (19) 0
Vomiting 1 (19%) 0
Diarrhea 2 (2%) 0
Infection 2 (2%) 0
Pleural effusion I (1%) 0
Hyperbilirubinemia I (1%) 0
Table 6. Serious adverse events.
Serious adverse events Patients (events)
Febrile neutropenia requiring hospitalization I (I)
Allergic reaction not requiring hospitalization 2 (2)
Allergic reaction requiring hospitalization 2(2)
Infection not requiring hospitalization I ()
Infection requiring hospitalization 34
Neutropenia requiring hospitalization 34)
Vomiting/Diarrhea requiring hospitalization 2 (4)
Requiring Hospitalization 1 (1%)

3 or 4 toxicities were also quite comparable in incidence to the
reported literature for other first line and adjuvant therapies for
NSCLC (5-10,15).

Accrual of patients in this study occurred at an unusually
rapid pace compared to other recent trials involving adjuvant
therapy after resection of NSCLC with curative intent (6-10).
In fact, several important adjuvant trials have been halted due
to poor patient accrual (6,16). This efficient enrollment was
accomplished via the participation of the CCTC, an organization
recently formed to advance fully ICH-GCP compliant clinical
research at leading cancer centers in China. Although concern
was raised prior to study initiation about the use of “Western’
doses of chemotherapy in an Asian population that often receives

reduced doses (17), the full dose of docetaxel and carboplatin

was well-tolerated in this study. In fact, as has been seen in a
previous study of carboplatin-based adjuvant chemotherapy for
NSCLC (9), compliance with the treatment protocol was high,
with 86% of patients receiving all three cycles, compared to
approximately 60% of patients in adjuvant studies of vinorelbine
and cisplatin (7,8). Enforcement of strict protocol adherence
among CCTC investigators and the tolerability of the regimen
under study were likely responsible for the high compliance rate
observed.

A similar study of the feasibility of docetaxel and carboplatin
in the adjuvant treatment of NSCLC was recently conducted
at seven centers in the United States (12). Although that study
failed to meet its predetermined safety and feasibility target by
a very small margin, the overall results were very similar to the
current study. Those investigators reported completion of the
study regimen in 79% of patients, and a febrile neutropenia rate
of 11%. Interestingly, however, nearly two and a half years were
required to complete enrollment of 72 patients in that phase II
trial. Had those investigators attempted to accrue the sample size
of 133 patients included in this study, enrollment at the same
pace would have required four and a half years, compared to the
enrollment period of approximately 6 months in this CCTC
clinical trial.

In this initial study, the CCTC was therefore able to accelerate
enrollment by nearly an order of magnitude over accrual in a
comparable American trial. Importantly, this accrual speed did
not result in a compromise of protocol or GCP compliance.
Similar acceleration of other important, large-scale clinical
projects may transform current capabilities for the development
of novel cancer therapies. An unprecedented ability to rapidly
conduct several phase II studies of a single agent in parallel, for
example, may allow a much broader range of indications for a
novel therapeutic to receive reasonable consideration, and may
prevent the oversight of an important new indication for drug
usage that might have resulted from a previous limitation of
clinical resources.

This study was not designed prospectively to compare a
traditional open thoracotomy to a more minimally invasive VATS
approach to anatomic resection, and patients were therefore not
randomized between these two forms of surgery. A relatively
comparable of patients in our cohort, however, received each
form of treatment, which allowed some post hoc comparisons to
be made. In another retrospective, non-randomized study that
compared 43 patients who underwent complete resection by
thoracotomy to 57 patients treated via thoracoscopy (18), VATS
lobectomy patients had statistically significantly fewer delayed
doses and fewer dose reductions than thoracotomy patients.
In addition, 61% of VATS patients versus 40% of thoracotomy

patients in that study received 75% or more of their planned
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adjuvant regimen (P=0.03). In comparison, only 57% of the
thoracotomy patients in the Cancer and Leukemia Group B trial
9633 received full-dose chemotherapy (19), and the Intergroup
JBR.10 trial reported that 55% of their thoracotomy patients
had at least 1 dose delay (7). Similarly, only 34% of patients in
the chemotherapy arm of the Adjuvant Lung Project Italy series
received all scheduled doses without adjustment or delay; only
69% completed their treatments with or without adjustments
or delay (20). The potential benefit of a minimally invasive
surgical approach, with a likely reduction in post-operative pain
and an easier post-operative recovery period prior to initiation
of chemotherapy (21), was supported by the observation that
treatment protocol compliance and delivery of target doses of
adjuvant chemotherapy were higher among patients undergoing
VATS lobectomy in the current study.

Taken together, the results of this study suggest that the
combination of docetaxel and carboplatin is both safe and
well-tolerated in the adjuvant treatment of NSCLC, and that
adjuvant treatment compliance was highest among patients
undergoing a minimally invasive surgical approach. Ongoing
follow-up of the cohort of patients enrolled in this study will
provide some insight into the relative efficacy of this regimen
compared to the reported experience in other adjuvant studies.
Perhaps more important, this study also demonstrated successful
implementation of the founding premise of the CCTC: that
substantial improvement in the current landscape for the
development of novel cancer therapies can be achieved through
rigorous organization and management of dedicated clinical
study groups involving emerging centers of excellence in cancer

care and research.
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