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A Meta-Analysis and Indirect
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Qin He, Yicheng Peng, Jie Sun™ and Jianxia Liu™

Department of General Surgery, The First Affiliated Hospital of Soochow University, Suzhou, China

Background: Triple-negative breast cancer (TNBC) comprises 15% of invasive breast
cancers. Platinum-based chemotherapy and immune checkpoint inhibitors (ICIs) have been
extensively researched in recent years as promising treatments in the neoadjuvant setting.
However, clinical data is lacking in direct comparisons of these two treating regimens.

Methods: We conducted an online search on PubMed, Embase, Cochrane Online Library
and key oncological meetings for available randomized controlled trials (RCTs) investigating
ICls or platinum drugs versus anthracyclines and taxane-based neocadjuvant chemotherapy
(AT-based NACT). Conventional meta-analyses were conducted separately, and then
indirect comparisons for clinical efficacy and safety profile were performed between ICls
and platinum drugs using AT-based NACT as a common comparator.

Results: Seven random controlled trials (RCTs) with 1,647 patients were included in the
meta-analysis. The indirect comparison demonstrated that ICIs plus chemotherapy
significantly improved pathological complete response (pCR) rate (p = 0.00445, OR,
1.78; 95%Cl, 0.70-4.58), and decreased the adverse effect (AE) related discontinuance
versus platinum-based chemotherapy (P = 0.00015; OR 0.46; 95%Cl, 0.26-0.82).

Conclusion: ICls plus chemotherapy showed increased pCR rate and decreased
adverse effects compared with platinum-based chemotherapy in early TNBC. However,
subgroup analysis and survival data to explore the proper patients for each treatment
remains scarce. Therefore, further studies with powered direct comparisons of these two
treating regimens are required.

Keywords: platinum, immune checkpoint inhibitors, triple negative breast cancer, neoadjuvant therapy, meta - analysis,
indirect treatment comparison
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INTRODUCTION

Breast cancer is the most common cancer in women and one of
the most common causes of cancer-related deaths worldwide.
Triple-negative breast cancer (TNBC) is recognized as the most
aggressive subtype that comprises 15% of invasive breast cancers
with a higher recurrence rate and poor outcome (1). It is defined
as tumors that lack expression of estrogen receptor, progesterone
receptor, and human epidermal growth factor receptor 2
(HER2), leading to a shortage of therapeutic targets and posing
a treatment challenge (2).

Chemotherapy remains the most widely applied and efficient
systemic treatment of TNBC. As the standard treatment option
regarding early stage TNBC, neoadjuvant chemotherapy has a
higher pathological complete response (pCR) rates compared to
hormone receptor positive subtype (3). Additionally, studies
have proved that pCR in the neoadjuvant setting is associated
with improved long-term outcomes in TNBC (4, 5).

Around 15 to 25% of TNBC patients commonly harbor
BRCA gene mutations (6), which make them susceptible to
DNA-damaging compounds such as platinum drugs (7). With
traditional neoadjuvant chemotherapy, including anthracycline
and taxane regimens, the pCR rate of TNBC is about 27.7%,
while platinum-based chemotherapy improves it to 40.1% (8).
However, many patients appear to be particularly insensitive to
chemotherapy due to the molecular heterogeneity of TNBC
subtype (9), that requires more clinical research studies to
develop targeted therapies and optimizing the therapeutic
strategy for the neoadjuvant treatment of TNBC.

Recent studies on immune checkpoint inhibitors (ICIs) have
provided a new treatment strategy for TNBC. Effector T-cells
express the programmed death 1 (PD-1) cell surface receptor,
which interacts with its ligand PD-L1, and leads to the inhibition
of cytotoxic T-cells (10). By targeting tumors enriched with
tumor-infiltrating lymphocytes (TILs) that express PD-LI, T-
cells within the tumor microenvironment can be activated to
mediate tumor cell killing (11). TNBC is recognized as the
immunogenic subtype with more TILs, higher PD-1
expression, and a higher median tumor mutational burden
compared with other breast cancers (12). Therefore, the
clinical development of ICI is more advanced in TNBC.

In recent years, several studies have investigated platinum-
based chemotherapy and ICIs separately. However, there has not
been enough study to directly compare platinum drugs with ICIs.
In lieu of head-to-head randomized control trials, we
summarized recent and relevant trials and performed an
indirect comparison between the two treatments of TNBC.

MATERIALS AND METHODS
Study Design

The main purpose of this study is to compare the efficacy and
safety between platinum-based chemotherapy and ICIs
indirectly, using standard anthracycline and taxane-based
neoadjuvant chemotherapy (AT-based NACT) as a common

comparator. The conventional meta-analyses on platinum-based
with AT-based NACT and ICIs plus chemotherapy with AT-
based NACT were conducted separately. Based on the results of
the two meta-analyses, a common reference-based indirect
comparison was performed on platinum and ICIs mediated by
AT-based NACT.

Literature Search and Selection Criteria

A literature review was conducted in PubMed, Embase, and the
Cochrane library (last updated in February 2021). Annual
conference presentations were also searched, including the
American Society of Clinical Oncology meetings and San
Antonio Breast Cancer Symposium. To identify relevant
studies, the following terms were employed as queries:
“immune checkpoint inhibitor” or “PD-1” or “PD-L1” or
“durvalumab” or “pembrolizumab” or “atezolizumab”,
“carboplatin” or “cisplatin” or “platinum”, “neoadjuvant
therapy” and “triple-negative breast cancer”. Eligible studies
had to meet the following inclusion criteria: (1) randomized
controlled trials (RCT's) in patients with early stage breast cancer;
(2) enrolling TNBC patients receiving AT-based NACT in the
control arm and either carboplatin-based chemotherapy or ICIs
with AT-based NACT in the experimental arm; (3) reporting
data on pCR after neoadjuvant treatment. Studies excluded were
(1) reviews, case reports or non-RCTs; (2) RCTs involving other
breast cancer subtypes without separate results on TNBC
subgroup; (3) ongoing studies without published results at the
time of the literature search; (4) with control arm given
chemotherapy other than AT-based NACT.

Data Extraction

The following information was extracted from each study: name
of the trial, year of publication, study population, patient number
in both control arm and experimental arm, number of patients
achieving pCR (defined as no residual invasive tumor at the time
of surgery in both breast and axilla, i.e. ypT0/Tis ypNO or no
residual invasive or in situ tumor in both breast and axilla, i.e.
ypT0 ypNO). The event-free survival (EFS, defined as time from
randomization to disease recurrence, progression or death
because of any cause) was extracted when available. The
toxicity profile was also extracted in terms of treatment
discontinuations related to adverse effects (AEs) and main
grade 3-4 AEs. In trials enrolling patients with different breast
cancer subtypes, only data in the TNBC group was included. For
investigations with more than one report, data were gathered
from the most recent findings.

Quality Evaluation

The risk of bias of the eligible studies was assessed using the
Cochrane Collaboration bias assessment tool for a systematic
review of interventions. Selection bias (parameters of details of
random sequence generation and allocation concealment),
performance bias (blinding for participants and personnel),
detection bias (blinding for outcome assessment), attrition bias
(incomplete outcome data), reporting bias (selective reporting),
and other biases were assessed. The risk of bias was stratified as
high, low, or unclear.
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Statistical Analysis

Meta-analysis was conducted using Review Manager software
(RevMan, version 5.3 for windows; Cochrane Collaboration,
Oxford, UK). The odds ratio (OR) and 95% confidence
intervals (CIs) were quantitatively synthesized for the effect on
pPCR. The between-study heterogeneity was evaluated using the
I? test, in which the heterogeneity was designated as I* >50%. In
the absence of statistically significant heterogeneity, we
calculated the pooled effect using a fixed-effects model. With
significant heterogeneity, on the other hand, we employed a
random-effects model. Sensitivity analysis was performed to
investigate the influence of a single study on the overall
incidence using STATA software (version14.0 STATA
Corporation, TX, USA). Funnel plots were generated using
RevMan to detect publication bias. To preliminarily investigate
the difference between platinum and ICIs, due to the fact that a
direct comparison study was currently lacking, we made an
indirect comparison of the two neoadjuvant therapy using ITC
1.0 (Canadian Agency for Drugs and Technologies in Health,
Ontario, Canada).

RESULTS

Characteristics of the Studies

A total of seven RCTs (1-19) fulfilled the eligibility criteria
(Table 1), among which four trials compared platinum-based
with AT-based NACT, while three compared ICIs plus
chemotherapy with chemotherapy alone. The search progress
is shown in Figure 1. Two of the studies included other subtypes
of breast cancer, and two of the studies involved multiple treating
arms besides AT-based NACT and platinum-based therapy, but
only the data pertaining to TNBC subtype or eligible treating
arms were extracted in this meta-analysis.

Altogether, a total of 1,647 patients were included from the
final selected studies, of whom 845 received standard AT-based
NACT and 802 received ICIs plus chemotherapy or platinum-
based chemotherapy.

Quality Assessment

The risks of bias of the included studies were appraised according
to the Cochrane risk of bias tool (Figure 2). Six studies randomly
allocated patients to the treatment arms, but only the I-SPY?2 trial
referred to the adaptive randomization method that may affect

the results. Only two studies announced that all trial personnel
and participants were masked to the assignment throughout the
study course, while three studies did not mention the masking
information. All studies had online registration information.
Overall, these characteristics suggested moderate risks of
study-design bias (Figure 3).

PCR Rate

Altogether, four trials comparing platinum-based and AT-based
NACT did not show a statistically significant improvement in
PCR rate (P = 0.16); 265 out of 521 patients (50.86%) reached
PCR in the experimental group, and 204 out of 511 patients
(39.92%) reached pCR in the control group (OR, 1.48; 95%CI,
0.86-2.56). Trials have considerable heterogeneity (I* = 77%) and
evaluation with random-effects model was done (Figure 4).

A summary OR obtained with random effect models indicates
that compared with AT-based NACT, the addition of ICIs
significantly improved the pCR rates (P = 0.02) with 161 out
of 281 (57.30%) reaching PCR in the experimental group and 124
out of 346 patients (35.84%) reaching pCR in the control group
(OR, 2.64; 95%CI, 1.24-5.61). Trials have considerable
heterogeneity (I* = 76%), and evaluation with random effects
model was done (Figure 4).

In the indirect comparison anchored in AT-based NACT
(Table 2), ICIs plus chemotherapy demonstrated significant
improvement in PCR rate versus platinum-based
chemotherapy (p = 0.00445, OR, 1.78; 95%CI, 0.70-4.53)

Sensitivity Analysis and Publication Bias
Sensitivity analysis was performed by excluding each study in
both direct comparisons. The results showed stable pooled OR
estimates in pCR rates (Figure 5). Notably, when omitting I-
SPY2 study in ICIs versus AT-based NACT comparison,
heterogeneity was significantly decreased (I* = 77 to I* = 16,
Figure 6). Similarly, in platinum versus AT-based NACT
comparison, heterogeneity was eliminated when excluding
BrighTNess study (I*> = 76 to I° = 0, Figure 6). When
simultaneously excluding the two studies and evaluating with
fixed-effect model, the result from the indirect comparison
demonstrated that ICIs plus chemotherapy improved the pCR
rate than platinum-based chemotherapy (OR, 1.61; 95%CI, 1.02-
2.54) with statistical significance (P = 0.02), which was consistent
with the primary comparison. No publication bias was detected
by funnel plot (Figure 7).

TABLE 1 | Characteristics of eligible studies.

Study Year Phase Population Platinum/ICI group pCR AT group pCR

BrignTNess (13) 2018 3 stage Il TNBC PCb-AC 57.50% P-AC 31.01%
CALGB (14) 2014 2 stage Il TNBC PCb-ddAC 48.65% P-ddAC 29.25%
GEICAM/2006-03 (15) 2012 2 TNBC EC-DCb 29.79% EC-D 34.78%
GeparOcto (16) 2019 3 T1c-T4a-d TNBC and HER2+ BC PMCb 51.72% ddEPC 48.50%
GeparNuevo (17) 2019 2 T2-T4a-d TNBC Durva(nab-P-ddEC) 53.40% nab-P-ddEC 44.20%
I-SPY2 (18) 2020 2 high-risk stage Il BC PembroP-AC 67.80% P-AC 21.35%
IMpassion031 (19) 2020 3 stage II-Il TNBC Atezo(nab-P-AC) 57.60% nab-P-AC 41.10%

PCR, pathological complete response; A, doxorubicin; C, cyclophosphamide; Cb, carboplatin; D, docetaxel; E, epirubin; M, non-pegylated liposomal doxorubicin; P, paclitaxel; nab-P,
nab-paclitaxel; dd, dose-dense; Durva, durvalumab; Pembro,pembrolizumab; Atezo, atezolizumab.
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FIGURE 1 | PRISMA flow chart summarizing the process for the identification of eligible randomized controlled trials.

Subgroup Analysis of pCR Based

on Lymph Node Status

Subgroup analysis stratified by regional LN status was available
in only two trials, namely BrighTNess and Impassion031; the
former compared platinum-based and AT-based NACT, while
the latter studied the efficacy of the addition of ICIs to standard
chemotherapy. The lack of enough stratified information and
subgroup outcome in most trials precluded the calculation of a
pooled estimate.

In the LN negative subgroup, the BrighTNess trial
demonstrated that the addition of platinum statistically
improved the pCR rate than AT-based NACT alone (risk
difference, 29.1; 95%CI 15.0-43.3). However, in the
Impassion031 trial, LN negative patients did not benefit from
the addition of ICIs to chemotherapy (rate difference, 9; 95%
CI -5 to 3). As to the LN positive subgroup, the two trials
mentioned above indicated that platinum-based chemotherapy
or the addition of ICIs can improve the pCR rate than standard
AT-based NACT in the neoadjuvant setting in TNBC with
statistical significance.

Event-Free Survival

Only two of the included studies mentioned event-free survival
(EFS), and their results were immature. In the Impassion031
trial, hazard ratio (HR) for EFS in the ICI group versus the
chemotherapy group was 0.76 (95% CI 0.40-1.44) after 20.6
months of follow-up. In the I-SPY2 trial, after 2.8-3.5 years of

median follow-up (depending on the arm), HR for EFS in the ICI
arm versus the chemotherapy arm was 0.60.

Safety Profile

Discontinuance Related to Adverse Effects

Four trials reported discontinuations due to serious adverse effect
during the treatment course. The addition of ICIs to AT-based
NACT slightly decreased the adherence of the treatment (OR,
1.36; 95%CI, 0.91-2.03) with no statistical significance (P = 0.13).
However, more patients in the platinum group required
treatment discontinuation due to severe adverse effects than
those given AT-based NACT (OR, 2.94; 95%CI, 1.95-.42) with
statistical significance (P < 0.00001). Both trials have no
heterogeneity (I> = 0), and a fixed-effects model was
employed (Figure 8).

In the indirect comparison between ICIs and platinum drugs,
treatment terminations related to AEs occurred much less
frequently in patients receiving ICIs plus chemotherapy than
those receiving platinum-based chemotherapy(OR, 0.46; 95%CI,
0.26-0.82). The difference was statistically significant
(P = 0.00015).

Hematological Effect

All seven studies included reported Grade 3-4 hematological
adverse events (neutropenia, anemia, and thrombocytopenia),
but the GeparOcto trial did not report adverse events for each
treating arm separately. Grade 3-4 neutropenias occurred more
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FIGURE 2 | Quality assessment for risk of bias for the included randomized
controlled trials.

commonly in the group given platinum than AT-based NACT
(OR, 5.17; 95%CI, 0.70-38.28), although the difference was not
statistically significant (P = 0.11). While the addition of ICIs to

chemotherapy did not improve the rate of neutropenia (OR,
1.05; 95%CI, 0.71-1.54 P=0.82) (Figure 9A).

The indirect comparison demonstrated that compared with
platinum-based chemotherapy, ICIs significantly reduced grade
3-4 neutropenia (OR, 0.20; 95%CI, 0.03-1.56, P < 0.0001).
Similarly, patients given platinum-based chemotherapy have a
higher chance of developing grade 3-4 anemia and
thrombocytopenia compared to those who were given ICIs
plus chemotherapy (Figures 9B, C).

Immune-Related Effect

Three studies comparing ICIs with AT-based NACT reported
immune-related adverse effects. The most common immune-
related effect is thyroid dysfunction, including hypothyroidism
and hyperthyroidism. Altogether, 73 out of 325 patients develop
thyroid dysfunction given ICIs plus chemotherapy, compared to
38 out of 430 patients in AT-based NACT group (Figure 9D).
Thyroid dysfunction was more common in the ICI group (OR,
6.79; 95%CI, 0.75-61.77), but no statistical significance was
found (P = 0.09). A random-effect model was employed due to
the considerable heterogeneity (I* = 85%). Among all three trials
mentioned above, only one patient treated with pembrolizumab
in the I-SPY2 trial developed grade 4 hypothyroidism, while all
the other patients experienced mild thyroid dysfunction.

DISCUSSION

Triple-negative breast cancer is often associated with aggressive
clinical behavior and early relapse, often affecting young women
with a harsh impact on personal and social life. In the
preoperative setting, a large number of studies have been
conducted to discover the most efficient treatment to improve
the clinical outcome. Platinum-based chemotherapy is
recommended in multiple guidelines rather than conventional
AT-based NACT for improvement of the PCR rate and disease-
free survival. Some research studies also demonstrated increased
rate of hematological adverse effects when patients were given

Random sequence generation (selection hias)

Allocation concealment (selection hias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection hias)
Incomplete outcome data (attrition hias)

Selective reporting (reporting bias)

Other hias

0% 25% 50% 75%  100%

.Low risk of bias

E] Unclear risk of bias

.High risk of bias

FIGURE 3 | Risk of bias for the included randomized controlled trials.
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platinum drugs that may lead to dose reduction or
even discontinuation.

The recent studies on ICIs have offered more therapeutic
approaches for TNBC, with FDA accelerating approval of
atezolizumab for advanced TNBC based on the Impassion130
study (20, 21). A few phase 2 and 3 studies also offered promising
results in the neoadjuvant setting. However, in the NEOTRIP
trial (22), when compared to platinum-based chemotherapy, the
addition of ICIs did not show statistical benefit in pCR rate,
contrary to the result in the KEYNOTE-522 trial (23), which
were the only two studies simultaneously covering platinum
and ICIs.

Our study aimed to compare the treatment efficacy and safety
between platinum drugs and ICIs indirectly mediated by AT-
based chemotherapy given the absence of a head-to-head
randomized controlled trial of these two drugs in TNBC
patients. Results of this study demonstrated that the pCR rate

TABLE 2 | Results of indirect comparison.

OR 95%CI P
pCR 1.78 0.70-4.53 0.00445
pCR* 1.61 1.02-2.54 0.02199
discontinuation related to AE 0.46 0.26-0.82 0.00015
grade 3-4 neutropenia 0.2 0.03-1.56 <0.00001
grade 3-4 anemia 0.04 0.01-0.22 <0.00001
grade 3-4 thrombocytopenia 0.05 0.00-0.72 <0.00001

*Results excluding I-SPY2 and BrighTNess studly.

is higher in the neoadjuvant setting when patients are given ICIs
plus standard chemotherapy rather than platinum-based
chemotherapy, with a statistically significant improvement in
the intention-to-treat population. The considerable
heterogeneity was mainly indicated by I-SPY2 study in ICI
versus AT-based NACT comparison and BrighTNess study in
platinum versus AT-based NACT comparison, which could be a

Experimental Control Odds Ratio 0dds Ratio
Study or Subgrou Events Total Events Total Weight M-H.Random.95% CI M-H. Random, 95% CI
ICIs vs AT-based NACT
Geparhuevo 47 88 38 86 143% 1.45[0.80, 2.63] i
IMpassion031 95 165 69 180 16.6% 218[1.42,3.36) —
-SPY2 19 28 17 80 9.9% 7.82[3.00,20.37] = =
Subtotal (95% CI) 281 346 40.8% 2.64[1.24,5.61] R
Total events 161
Heterogeneity: Tau®= 0.33; Chi*= 8.62, df= 2 (P=0.01); F=77%
Test for overall effect: Z= 2.51 (P =0.01)
Platinum vs AT-based NACT
BrighTNess 92 160 49 158 16.2% 3.01[1.90,4.77) ==
CALGB 40603 54 111 42 107 151% 1.47[0.86, 2.51] T
GEICAMI2006-03 14 47 16 46 10.8% 0.80[0.33,1.90] (T
GeparOcto 105 203 97 200 171% 1.14[0.77,1.68] i
Subtotal (95% CI) 521 511  59.2% 1.48 [0.86, 2.56] -
Total events 265 204
Heterogeneity: Tau®= 0.23; Chi*= 12.68, df= 3 (P = 0.005), F=76%
Test for overall effect: Z=1.42 (P=0.15)
Total (95% CI) 802 857 100.0% 1.86 [1.22, 2.83] >
Total events 426 328
Heterogeneity: Tau®= 0.23; Chi*= 24.34, df= 6 (P = 0.0005); F=75% :IJ o 1001

Test for overall effect: Z=2.88 (P = 0.004)
Test for subaroun differences: Chi*=1.46.df=1 (P =0.23). F=31.7%

A
Meta-analysis estimates, given named study is omitted
| Lower CI Limit OEstimate | Upper CI Limit
GeparNuevo | | |
N 1
I-SPY2 Ol
0.62 1.24 264 5.61

1
16.80

0.1 10
Favours [AT-hased CT] Favours [Platinum or ICI]

FIGURE 4 | Forest plot showing pooled OR of pCR in patients receiving ICls vs AT-based NACT and platinum-based vs AT-based NACT in early TNBC patients.

B
Meta-analysis estimates, given named study is omitted
| Lower CI Limit OEstimate | Upper CI Limit
BrighTNess | |
CALGB 40603
GEICAM/2006-03 | |
GeparOcto | = |
1
0.67 0.86 148 2.56 333

FIGURE 5 | Sensitivity analysis comparing the incidence of pCR in patients receiving ICIs vs AT-based NACT (A) and platinum vs AT-based NACT (B).
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup _ Events _ Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
ICIs vs AT-based NACT
GeparNuevo 47 88 38 86 14.2% 1.45[0.80, 2.63] T
IMpassion031 95 165 69 180 22.2% 2.18[1.42,3.36) ==
I-SPY2 19 28 17 80 0.0% 7.82([3.00,20.37)
Subtotal (95% CI) 253 266 36.3%  1.90[1.34,2.69] >
Total events 142 107
Heterogeneity; Chi*=1.19, df= 1 (P = 0.27); F= 16%
Test for overall effect: Z= 3.60 (P = 0.0003)
Platinum vs AT-based NACT
BrighTNess 92 160 49 158 0.0% 3.01[1.90,4.77]
CALGB 40603 54 111 42 107 17.4% 1.47[0.86, 2.51) T
GEICAM/2006-03 14 47 16 46 9.0% 0.80[0.33, 1.90] =
GeparOcto 105 203 97 200 37.3%  1.14[0.77,1.68) -
Subtotal (95% CI) 361 353 63.7% 1.18[0.88, 1.59] <>
Total events 173 155
Heterogeneity: Chi*=1.45, df=2 (P = 0.49); F=0%
Test for overall effect: Z=1.09 (P = 0.28)
Total (95% CI) 614 619 100.0% 1.44[1.15, 1.80] L 2
Total events 315 262
Heterogeneity: Chi*= 6.77, df= 4 (P = 0.15); = 41% b0t o ™ 700

Test for overall effect: Z=3.17 (P = 0.002)
Testfor subaroun differences: Chi*= 4.14.df=1 (P =0.04). F=759%

Favours [AT-based CT] Favours [Platinum or ICI]

FIGURE 6 | Forest plot showing pooled OR of pCR in patients receiving ICl vs AT-based NACT excluding I-SPY2 trial and in platinum vs AT-based NACT excluding

BrighTNess trial.

result of different randomization methods. The adaptive
randomization method was employed in I-SPY2 study, while
permuted block randomization was employed in BrighTNess
trial that could probably increase selection bias (24). When
excluding these two studies simultaneously, the result from
indirect comparison showed advantages in pCR in the ICI
group consistently with the primary result, which increased the
reliability of our study. However, the small number of included
trials decreased the power of the results and was the main
limitation of our study.

In patients with positive regional LN, the addition of either
platinum or ICI can improve the pCR rate than AT-based NACT
alone, while patients with negative LN seemed to only benefit
from platinum drugs. However, the relationship between LN
status and the response to different treatment regimens remains
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FIGURE 7 | Funnel plot assessment of publication bias for pCR in patients
receiving ICls vs AT-based NACT and platinum-based vs AT-based NACT in
early TNBC patients.

controversial since only two trials reported subgroup
PCR information.

Two trials reporting EFS data, namely the I-SPY2 and
Impassion031, were both not powered to detect an EFS
increase with the addition of ICIs. Notably, in the recent
KEYNOTE-522 trial (23) investigating ICI plus platinum-based
chemotherapy versus platinum-based chemotherapy alone, with
an 18-month follow-up, the event-free rate was 91.3% (95% CI,
88.8 t0 93.3) in the experimental group and 85.3% (95% CI, 80.3
to 89.1) in the control group; the median was not reached in
either group. The result favored the ICI group (HR, 0.63; 95% CI,
0.43 to 0.93), which suggested a potential benefit in EFS when
patients were additionally given ICIs to platinum drugs.
However, the improvement in pCR rates is possibly a result of
down-staging of low-volume residual disease, which is not
known to translate to a lower recurrence rate. Additional
follow-up analyses are needed to investigate the relationship
between pCR rate and survival outcome in these two treatments.

In terms of toxicity, no significant increase was observed for
grade 3-4 AEs and treatment terminations in patients receiving
ICI than AT-based NACT which had an extra advantage over
platinum-based chemotherapy, with much less severe
hematology AEs and treatment withdrawal. On the other hand,
giving ICI treatment could result in a higher rate of thyroid
dysfunction, which was not statistically significant, and only a
few patients developed grade 3-4 immune-related AEs. The
immune-related AEs, although relatively minor, may be a
concern for a curative intention. The significantly increased
and serious hematological toxicity of platinum drugs suggests a
more careful choice for certain patients and should be balanced
with its expected benefit.

Previous studies suggested that platinum drugs were
particularly active in the treatment of breast cancer that
develops in women with germline BRCA mutations. Several
studies proved that platinum could lead to a higher response
rate for metastatic TNBC with BRCA mutation (25). However, in
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FIGURE 8 | Forest plot showing pooled incidence of discontinuation due to AE in patients receiving ICIs vs AT-based NACT and platinum-based vs AT-based
NACT in early TNBC patients.

the preoperative setting, subgroup analyses from the BrighTNess
trial reported less improvements in pCR rate with platinum in
patients with germline BRCA mutations compared with those
with wild-type disease. A recent meta-analysis also suggested
that the addition of platinum to neoadjuvant chemotherapy did
not significantly improve the pCR rate for patients with BRCA
mutations (26). The predictive value of homologous
recombination deficiency (HRD) biomarker in clinical

response to platinum-containing neoadjuvant treatment was
also studied, and contradictory results were reported (27, 28).
The PD(L)-1 status, on the other hand, was proved to be
associated with the clinical response to ICIs in the recent meta-
analysis (29), while a non-significant trend of pCR improvement
was also observed in PDL-1 negative subgroup, indicating the
potential efficacy of immune therapy in PDL-1 negative
population. Noting the limited and unclear results on those
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clinical biomarkers, further research studies are needed for
optimization of individual treatment selection between
platinum drugs and ICIs for patients with TNBC.

The limitation of our study could also be caused by the
interaction and compatibility between the treatment agents. In
the NeoTRIP trial (22), which was excluded in this meta-analysis,
it can be observed that the addition of ICI to nab-paclitaxel and
carboplatin did not significantly increase the rate of pCR in
patients with TNBC, while doxorubicin induction could lead to
an increase in clinical response to immune therapy in metastatic
TNBC according to the result of TONIC trial (30). In platinum-
based chemotherapy, the NeoSTOP study (31) indicated that six
cycles of docetaxel and carboplatin achieved encouraging pCR
and survival rates similar to paclitaxel plus carboplatin followed
by doxorubicin and cyclophosphamide, yet with lower treatment
toxicity. The compatibility of ICIs and platinum drugs should be
considered for chemotherapy de-escalation strategies.

In general, our study provided an indirect comparison of
platinum-containing treatment and ICIs plus chemotherapy in
early TNBC using conventional AT-based chemotherapy as a
common anchor. ICIs plus chemotherapy significantly improved
PCR rates and decreased treatment toxicity than platinum-based
chemotherapy in the general population. More clinical outcomes
on survival data and subgroup information are required for

REFERENCES

. Sharma P. Biology and Management of Patients With Triple-Negative Breast
Cancer. Oncologist (2016) 21(9):1050-62. doi: 10.1634/theoncologist.
2016-0067
2. Bagegni NA, Tao Y, Ademuyiwa FO. Clinical Outcomes With Neoadjuvant
Versus Adjuvant Chemotherapy for Triple Negative Breast Cancer: A Report
From the National Cancer Database. PloS One (2019) 14(9):¢0222358.
doi: 10.1371/journal.pone.0222358

3. Carey LA, Dees EC, Sawyer L, Gatti L, Moore DT, Collichio F, et al. The Triple
Negative Paradox: Primary Tumor Chemosensitivity of Breast Cancer
Subtypes. Clin Cancer Res (2007) 13(8):2329-34. doi: 10.1158/1078-
0432.CCR-06-1109

4. Cortazar P, Zhang L, Untch M, Mehta K, Costantino JP, Wolmark N, et al.
Pathological Complete Response and Long-Term Clinical Benefit in Breast
Cancer: The CTNeoBC Pooled Analysis. Lancet (2014) 384(9938):164-72.
doi: 10.1016/s0140-6736(13)62422-8

5. Liedtke C, Mazouni C, Hess KR, Andre F, Tordai A, Mejia JA, et al. Response
to Neoadjuvant Therapy and Long-Term Survival in Patients With Triple-
Negative Breast Cancer. J Clin Oncol (2008) 26(8):1275-81. doi: 10.1200/
JCO.2007.14.4147

6. Greenup R, Buchanan A, Lorizio W, Rhoads K, Chan S, Leedom T, et al.
Prevalence of BRCA Mutations Among Women With Triple-Negative Breast
Cancer (TNBC) in a Genetic Counseling Cohort. Ann Surg Oncol (2013) 20
(10):3254-8. doi: 10.1245/s10434-013-3205-1

7. Jin ], Zhang W, Ji W, Yang F, Guan X. Predictive Biomarkers for Triple
Negative Breast Cancer Treated With Platinum-Based Chemotherapy. Cancer
Biol Ther (2017) 18(6):369-78. doi: 10.1080/15384047.2017.1323582

8. Pandy JGP, Balolong-Garcia JC, Cruz-Ordinario MVB, Que FVE. Triple
Negative Breast Cancer and Platinum-Based Systemic Treatment: A Meta-
Analysis and Systematic Review. BMC Cancer (2019) 19(1):1065.
doi: 10.1186/512885-019-6253-5

9. Abramson VG, Mayer IA. Molecular Heterogeneity of Triple Negative Breast
Cancer. Curr Breast Cancer Rep (2014) 6(3):154-8. doi: 10.1007/s12609-014-0152-1

10. Bardhan K, Anagnostou T, Boussiotis VA. The PD1:PD-L1/2 Pathway From

Discovery to Clinical Implementation. Front Immunol (2016) 7:550.

doi: 10.3389/fimmu.2016.00550

—

optimal treatment choice, along with reliable biomarkers to
identify potential patients who would benefit from specific
treatment agent. Concerning the increased toxicity and
inconclusive survival data, platinum drugs might not be
suitable as a routine treatment for TNBC, even for those with
BRCA mutations, while ICIs need to be further explored to
confirm its efficacy and safety in neoadjuvant setting.

DATA AVAILABILITY STATEMENT

All data generated or analyzed during this study are included in
this published article. Further inquiries can be directed to the
corresponding authors.

AUTHOR CONTRIBUTIONS

Conceptualization, JL and QH. Data curation, QH and YP.
Writing—original draft, QH. Writing—review and editing, JS
and JL. All authors contributed to the article and approved the
submitted version.

11. Lipson EJ, Forde PM, Hammers HJ, Emens LA, Taube JM, Topalian SL.
Antagonists of PD-1 and PD-L1 in Cancer Treatment. Semin Oncol (2015) 42
(4):587-600. doi: 10.1053/j.seminoncol.2015.05.013

12. Mittendorf EA, Philips AV, Meric-Bernstam F, Qiao N, Wu Y, Harrington S,
et al. Pd-L1 Expression in Triple-Negative Breast Cancer. Cancer Immunol Res
(2014) 2(4):361-70. doi: 10.1158/2326-6066.CIR-13-0127

13. Loibl S, O’Shaughnessy J, Untch M, Sikov WM, Rugo HS, McKee MD, et al.
Addition of the PARP Inhibitor Veliparib Plus Carboplatin or Carboplatin
Alone to Standard Neoadjuvant Chemotherapy in Triple-Negative Breast
Cancer (BrighTNess): A Randomised, Phase 3 Trial. Lancet Oncol (2018) 19
(4):497-509. doi: 10.1016/s1470-2045(18)30111-6

14. Sikov WM, Berry DA, Perou CM, Singh B, Cirrincione CT, Tolaney SM, et al.
Impact of the Addition of Carboplatin and/or Bevacizumab to Neoadjuvant
Once-Per-Week Paclitaxel Followed by Dose-Dense Doxorubicin and
Cyclophosphamide on Pathologic Complete Response Rates in Stage II to
III Triple-Negative Breast Cancer: CALGB 40603 (Alliance). J Clin Oncol
(2015) 33(1):13-21. doi: 10.1200/JCO.2014.57.0572

15. Alba E, Chacon JI, Lluch A, Anton A, Estevez L, Cirauqui B, et al. A Randomized
Phase II Trial of Platinum Salts in Basal-Like Breast Cancer Patients in the
Neoadjuvant Setting. Results From the GEICAM/2006-03, Multicenter Study.
Breast Cancer Res Treat (2012) 136(2):487-93. doi: 10.1007/s10549-012-2100-y

16. Schneeweiss A, Mobus V, Tesch H, Hanusch C, Denkert C, Lubbe K, et al.
Intense Dose-Dense Epirubicin, Paclitaxel, Cyclophosphamide Versus Weekly
Paclitaxel, Liposomal Doxorubicin (Plus Carboplatin in Triple-Negative
Breast Cancer) for Neoadjuvant Treatment of High-Risk Early Breast
Cancer (GeparOcto-GBG 84): A Randomised Phase III Trial. Eur ] Cancer
(2019) 106:181-92. doi: 10.1016/j.jca.2018.10.015

17. Loibl S, Untch M, Burchardi N, Huober J, Sinn BV, Blohmer JU, et al. A
Randomised Phase II Study Investigating Durvalumab in Addition to an
Anthracycline Taxane-Based Neoadjuvant Therapy in Early Triple-Negative
Breast Cancer: Clinical Results and Biomarker Analysis of GeparNuevo Study.
Ann Oncol (2019) 30(8):1279-88. doi: 10.1093/annonc/mdz158

18. Nanda R, Liu MC, Yau C, Shatsky R, Pusztai L, Wallace A, et al. Effect of
Pembrolizumab Plus Neoadjuvant Chemotherapy on Pathologic Complete
Response in Women With Early-Stage Breast Cancer: An Analysis of the
Ongoing Phase 2 Adaptively Randomized I-SPY2 Trial. JAMA Oncol (2020) 6
(5):676-84. doi: 10.1001/jamaoncol.2019.6650

Frontiers in Oncology | www.frontiersin.org

July 2021 | Volume 11 | Article 693542


https://doi.org/10.1634/theoncologist.2016-0067
https://doi.org/10.1634/theoncologist.2016-0067
https://doi.org/10.1371/journal.pone.0222358
https://doi.org/10.1158/1078-0432.CCR-06-1109
https://doi.org/10.1158/1078-0432.CCR-06-1109
https://doi.org/10.1016/s0140-6736(13)62422-8
https://doi.org/10.1200/JCO.2007.14.4147
https://doi.org/10.1200/JCO.2007.14.4147
https://doi.org/10.1245/s10434-013-3205-1
https://doi.org/10.1080/15384047.2017.1323582
https://doi.org/10.1186/s12885-019-6253-5
https://doi.org/10.1007/s12609-014-0152-1
https://doi.org/10.3389/fimmu.2016.00550
https://doi.org/10.1053/j.seminoncol.2015.05.013
https://doi.org/10.1158/2326-6066.CIR-13-0127
https://doi.org/10.1016/s1470-2045(18)30111-6
https://doi.org/10.1200/JCO.2014.57.0572
https://doi.org/10.1007/s10549-012-2100-y
https://doi.org/10.1016/j.ejca.2018.10.015
https://doi.org/10.1093/annonc/mdz158
https://doi.org/10.1001/jamaoncol.2019.6650
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

He et al.

Platinum and ICls in TNBC

19.

20.

21.

22.

23.

24.

25.

26.

Mittendorf EA, Zhang H, Barrios CH, Saji S, Jung KH, Hegg R, et al.
Neoadjuvant Atezolizumab in Combination With Sequential Nab-Paclitaxel
and Anthracycline-Based Chemotherapy Versus Placebo and Chemotherapy
in Patients With Early-Stage Triple-Negative Breast Cancer (Impassion031):
A Randomised, Double-Blind, Phase 3 Trial. Lancet (2020) 396(10257):1090—
100. doi: 10.1016/s0140-6736(20)31953-x

Narayan P, Wahby S, Gao JJ, Amiri-Kordestani L, Ibrahim A, Bloomquist E,
et al. Fda Approval Summary: Atezolizumab Plus Paclitaxel Protein-Bound
for the Treatment of Patients With Advanced or Metastatic Tnbc Whose
Tumors Express Pd-L1. ] Clin Cancer Res (2020) 26(10):2284-9. doi: 10.1158/
1078-0432.CCR-19-3545. %.

Schmid P, Rugo HS, Adams S, Schneeweiss A, Barrios CH, Iwata H, et al.
Atezolizumab Plus Nab-Paclitaxel as First-Line Treatment for Unresectable,
Locally Advanced or Metastatic Triple-Negative Breast Cancer
(Impassion130): Updated Efficacy Results From a Randomised, Double-
Blind, Placebo-Controlled, Phase 3 Trial. Lancet Oncol (2020) 21(1):44-59.
doi: 10.1016/s1470-2045(19)30689-8

Gianni L, Huang C F, Egle D, Bermejo B, Zamagni C, Thill M, Anton A, et al.
Pathologic Complete Response (pCR) to Neoadjuvant Treatment With or
Without Atezolizumab in Triple Negative, Early High-Risk and Locally
Advanced Breast Cancer. NeoTRIPaPDL1 Michelangelo Randomized Study.
San Antonio Breast Cancer Symposium (2019). doi: 10.1158/1538-
7445.SABCS19-GS3-04

Schmid P, Cortes J, Pusztai L, McArthur H, Kummel S, Bergh J, et al
Pembrolizumab for Early Triple-Negative Breast Cancer. N Engl | Med
(2020) 382(9):810-21. doi: 10.1056/NEJMoal910549

Lim CY, In J. Randomization in Clinical Studies. Korean ] Anesthesiol (2019)
72(3):221-32. doi: 10.4097/kja.19049

Tutt A, Tovey H, Cheang MCU, Kernaghan S, Kilburn L, Gazinska P, et al.
Carboplatin in BRCA1/2-Mutated and Triple-Negative Breast Cancer
BRCAness Subgroups: The TNT Trial. Nat Med (2018) 24(5):628-37.
doi: 10.1038/s41591-018-0009-7

Wang CJ, Xu Y, Lin Y, Zhu HJ, Zhou YD, Mao F, et al. Platinum-Based
Neoadjuvant Chemotherapy for Breast Cancer With Brca Mutations: A Meta-
Analysis. Front Oncol (2020) 10:592998. doi: 10.3389/fonc.2020.592998

27. Telli ML, Hellyer J, Audeh W, Jensen KC, Bose S, Timms KM, et al.
Homologous Recombination Deficiency (HRD) Status Predicts Response to
Standard Neoadjuvant Chemotherapy in Patients With Triple-Negative or
BRCA1/2 Mutation-Associated Breast Cancer. Breast Cancer Res Treat (2018)
168(3):625-30. doi: 10.1007/s10549-017-4624-7

28. Telli ML, Timms KM, Reid J, Hennessy B, Mills GB, Jensen KC, et al.
Homologous Recombination Deficiency (Hrd) Score Predicts Response to
Platinum-Containing Neoadjuvant Chemotherapy in Patients With Triple-
Negative Breast Cancer. Clin Cancer Res (2016) 22(15):3764-73. doi: 10.1158/
1078-0432.CCR-15-2477

29. Tarantino P, Gandini S, Trapani D, Criscitiello C, Curigliano G.
Immunotherapy Addition to Neoadjuvant Chemotherapy for Early Triple
Negative Breast Cancer: A Systematic Review and Meta-Analysis of
Randomized Clinical Trials. Crit Rev Oncol Hematol (2021) 159:103223.
doi: 10.1016/j.critrevonc.2021.103223

30. Voorwerk L, Slagter M, Horlings HM, Sikorska K, van de Vijver KK, de
Maaker M, et al. Immune Induction Strategies in Metastatic Triple-Negative
Breast Cancer to Enhance the Sensitivity to PD-1 Blockade: The TONIC Trial.
Nat Med (2019) 25(6):920-8. doi: 10.1038/s41591-019-0432-4

31. Sharma P, Kimler BF, O’Dea A, Nye L, YY W, Yoder R, et al. Randomized
Phase Ii Trial of Anthracycline-free and Anthracycline-containing
Neoadjuvant Carboplatin Chemotherapy Regimens in Stage I-Iii Triple-
negative Breast Cancer (Neostop). Clin Cancer Res (2021) 27(4):975-82.
doi: 10.1158/1078-0432.CCR-20-3646

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 He, Peng, Sun and Liu. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

July 2021 | Volume 11 | Article 693542


https://doi.org/10.1016/s0140-6736(20)31953-x
https://doi.org/10.1158/1078-0432.CCR-19-3545
https://doi.org/10.1158/1078-0432.CCR-19-3545
https://doi.org/10.1016/s1470-2045(19)30689-8
https://doi.org/10.1158/1538-7445.SABCS19-GS3-04
https://doi.org/10.1158/1538-7445.SABCS19-GS3-04
https://doi.org/10.1056/NEJMoa1910549
https://doi.org/10.4097/kja.19049
https://doi.org/10.1038/s41591-018-0009-7
https://doi.org/10.3389/fonc.2020.592998
https://doi.org/10.1007/s10549-017-4624-7
https://doi.org/10.1158/1078-0432.CCR-15-2477
https://doi.org/10.1158/1078-0432.CCR-15-2477
https://doi.org/10.1016/j.critrevonc.2021.103223
https://doi.org/10.1038/s41591-019-0432-4
https://doi.org/10.1158/1078-0432.CCR-20-3646
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Platinum-Based Chemotherapy and Immunotherapy in Early Triple-Negative Breast Cancer: A Meta-Analysis and Indirect Treatment Comparison
	Introduction
	Materials and Methods
	Study Design
	Literature Search and Selection Criteria
	Data Extraction
	Quality Evaluation
	Statistical Analysis

	Results
	Characteristics of the Studies
	Quality Assessment
	pCR Rate
	Sensitivity Analysis and Publication Bias
	Subgroup Analysis of pCR Based on Lymph Node Status
	Event-Free Survival
	Safety Profile
	Discontinuance Related to Adverse Effects
	Hematological Effect
	Immune-Related Effect


	Discussion
	Data Availability Statement
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


