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Abstract Panitumumab is a fully human anti-epidermal

growth factor receptor (EGFR) monoclonal antibody that

has a favorable effect on patients with metastatic colorectal

cancer (mCRC) harboring wild-type (WT) KRAS gene.

This meta-analysis was planned to quantify the benefit and

assess safety. Selected for the analysis were randomized

clinical studies that have used panitumumab-based therapy

(PBT) for patients with mCRC and where the outcome of

patients with WT KRAS was reported. Four eligible studies

were analyzed including 1,010 and 1,105 patients who

received PBT and the control intervention, respectively.

Used in subsequent-line setting, PBT was associated with

42% improvement in progression-free survival (PFS)

(hazard ratio [HR] = 0.58; 95% CI, 0.36–0.93; P = 0.02),

a non-significant overall survival (OS) benefit (HR = 0.90;

[95% CI, 0.76–1.05]; P = 0.18), and a significant increase

in objective response rate (ORR) (odds ratio (OR) = 0.67

[95% CI, 1.15–77.98]; P = 0.04). PBT showed no benefit

in the first-line setting. Restricted analysis to two studies

(first- and second-line setting), where the treatment effect

of PBT was prospectively analyzed according to tumor

KRAS status, showed significant PFS (HR = 0.77), OS

(HR = 0.84), and ORR (OR = 2.06) advantage. Almost

all patients’ subgroups attained clinical benefit. PBT-rela-

ted adverse events were similar across comparisons with

the exception of toxicities known to be associated with

anti-EGFR therapy. This meta-analysis showed significant

clinical benefit for PBT for patients with WT KRAS

mCRC predominantly when used following prior chemo-

therapy exposure. The benefit was demonstrated in most

subgroup analyses. Further research to better define

potential responders is needed.
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Introduction

Colorectal cancer (CRC) is the third and fourth most

common cancer in women and men worldwide, respec-

tively, and the fourth commonest cause of cancer death [1].

The outcome of treatment of patients with a metastatic

CRC (mCRC) has improved in the past decade, mainly due

to the introduction of both active new chemotherapeutic

agents [2] and novel targeted drugs [3].

Human epidermal growth factor (EGF) receptor (EGFR)

is a transmembrane cell surface glycoprotein belonging to

the subfamily of type I tyrosine kinase receptors [4]. EGFR

is overexpressed in certain tumor types, including CRC

[4, 5]. EGFR activates various signaling pathways involved

in proliferation, angiogenesis, inhibition of apoptosis, and

metastasis. EGFR signaling also activates KRAS; however,

in cells with KRAS mutations, the mutant protein appears

independent of EGFR regulation [6]. KRAS mutations

occur in approximately 40% of patients with mCRC [7].

Since the introduction of several novel agents with

different mechanisms of action in the past decade, inhibi-

tors of EGFR have increased therapeutic options for

patients with mCRC. Panitumumab (Vectibix�) is one of

those options. The drug is a fully human monoclonal

antibody produced in genetically engineered Chinese

hamster ovary cells and directed against the EGFR. Ret-

rospective analyses of clinical studies, however, have

demonstrated that KRAS mutations are predictive of
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resistance to panitumumab and other anti-EGFR therapies;

patients with mCRC with mutant (MT) KRAS tumor status

do not gain clinical benefit [8].

Similar to our recently published meta-analysis to

evaluate the clinical benefit of cetuximab among patients

with mCRC and known KRAS status [9], this meta-anal-

ysis was planned to quantify the benefit and safety of

panitumumab in patients with mCRC and WT KRAS

tumor status.

Methods

Literature search

We did a comprehensive search of citations from PubMed,

EMBASE, proceedings of the main oncology conferences,

Cochrane Central Register of Controlled Trials, Cochrane

Database of Systematic Reviews, and Database of

Abstracts of Review of Effectiveness from the inception

dates of each database up to November 2010. The search

was limited to clinical studies in English language. Our

initial search through each resource used queries with the

medical subject headings terms: ‘‘colorectal’’, ‘‘cancer’’,

‘‘panitumumab’’ or ‘‘Vectibix’’, and ‘‘K-ras’’ or ‘‘KRAS’’.

The search strategy also used several text terms to identify

relevant information.

Reference lists from relevant primary studies and review

articles were also examined to find additional publications.

Study selection

We selected for analysis only those randomized clinical

studies where PBT was used in the management of patients

with mCRC and where the outcome of patients with WT

KRAS was reported.

Statistical methods

Data of each published study were carefully checked and

verified for coherence with the original publications. Data

were entered in a computer database for transfer and

statistical analysis in Review Manager version 5.0.17

(Cochrane Collaboration, Software Update, Oxford, UK)

and Comprehensive Meta-Analysis version 2.2.048 (New

Jersey, USA). For trials included in this meta-analysis, if

log hazard ratio (HR) and its variance were not presented

explicitly, the method reported by Parmar et al. was used to

extract estimates of these statistics [10].

In this meta-analysis, both fixed- and random-effects

models were tested where appropriate [11]. X2 tests were

used to study heterogeneity between trials. I2 statistic was

used to estimate the percentage of total variation across

studies, due to heterogeneity rather than chance. If the

P value was B0.1, the assumption of homogeneity was

deemed invalid and the random-effects model was reported

after exploring the causes of heterogeneity [12]. Findings

of the meta-analysis are depicted in classical forest plots,

with point estimates and 95% CIs for each trial and overall

size of the squares is proportional to effect size. A two-

tailed P value of \0.05 was considered statistically

significant.

Results

After exclusion of duplicate and irrelevant studies, our

search yielded four eligible published studies that were

retrieved for more detailed evaluation and were included in

this meta-analysis [8, 13–15]. Table 1 depicts the main

characteristics of these studies. In two of these four studies,

PBT was used in the first-line setting [13, 14]. In the

Panitumumab Advanced Colorectal Cancer Evaluation

(PACCE) study, patients were randomly assigned within

each chemotherapy cohort (oxaliplatin- or irinotecan-

based) to bevacizumab and chemotherapy with or without

panitumumab [13]. In the second first-line setting study

(the Panitumumab Randomized Trial in Combination With

Chemotherapy for Metastatic Colorectal Cancer to Deter-

mine Efficacy, the PRIME study), patients were randomly

assigned to receive panitumumab-FOLFOX4 versus

FOLFOX4 alone [14].

In the remaining two studies included in this meta-

analysis, PBT was investigated as a second-line interven-

tion [15] or after failure of prior several interventions [8].

In the former study (20050181 study), patients with mCRC,

one prior chemotherapy regimen for mCRC, were ran-

domly assigned to panitumumab plus FOLFIRI versus

FOLFIRI alone [15]. In the latter study [8], patients who

failed fluoropyrimidines and prespecified exposure to

oxaliplatin and irinotecan were randomly assigned to

panitumumab plus best supportive care (BSC) versus BSC

alone.

According to the rationale of this meta-analysis, all

patients included in the analyses had WT KRS tumor sta-

tus. Of the original studies, KRAS status was available for

82% of 1,053 [13], 91% of 1,186 [15], 92% of 463 [8], and

93% of 1,183 [14] of the randomized patients. In all

studies, panitumumab was administered intravenously at

6 mg/kg every 2 weeks. Included in the current meta-

analysis, there were 1,010 patients who received PBT and

1,105 who received the control intervention. Table 2

summarizes the individual efficacy results of PBT versus

control.
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Analysis of progression-free survival (PFS)

The fixed-effects model showed heterogeneity among

studies (chi2 statistic = 36.7; df = 4; I2=89%; P \
0.00001). Alternatively, the random-effects model was

reported. As shown in Fig. 1, PBT was associated with

42% reduction in the risk of disease progression when

used in the subsequent-line setting (hazard ratio

[HR] = 0.58; 95% CI, 0.36–0.93; P = 0.02). On the

other hand, neither the overall effect of PBT versus

control nor the use of PBT in the first-line setting was

beneficial.

Table 1 Characteristics of the 4 studies included in the meta-analysis

Study and treatment Panitumumab-based therapy

No. Median age

(years)

Male

%

White race

%

ECOG % Colon/

Rectum %

No. of mets. sites %

0–1 2 1 2 C3

First Line

Hecht 2008 [13]

Randomized, open-label, multicenter phase IIIB trial

PAN?Bev ? Ox-CT vs. Bev?Ox-CT

201 NR NR NR NR NR NR NR NR NR

PAN? Bev?Iri-CT vs. Bev?Iri-CT 57 NR NR NR NR NR NR NR NR NR

Douillard 2010 [14]

Randomized, open-label, multicenter phase III trial

PAN ? FOLFOX4 vs. FOLFOX4 alone

325 62 67 91 94 6 66/34 21 34 44

Second Line

Peeters 2010 [15]

Randomized, open-label, multicenter phase III trial

PAN ? FOLFIRI vs. FOLFIRI alone

303 60 62 97 95 5 62/38 NR NR NR

Salvage Therapy

Amado 2008 [8]

Randomized, open-label, multicenter phase III trial

PAN ? BSC vs. BSC only

124 62.5 67 98 88 12 69/31 NR NR NR

Study and treatment Control

No. Median

age (years)

Male % White

race %

ECOG % Colon/

Rectum %

No. of mets. sites %

0–1 2 1 2 C3

First Line

Hecht 2008 [13]

Randomized, open-label, multicenter phase IIIB trial

PAN?Bev ? Ox-CT vs. Bev?Ox-CT

203 NR NR NR NR NR NR NR NR NR

PAN? Bev?Iri-CT vs. Bev?Iri-CT 58 NR NR NR NR NR NR NR NR NR

Douillard 2010 [14]

Randomized, open-label, multicenter phase III trial

PAN ? FOLFOX4 vs. FOLFOX4 alone

331 61 62 93 94 5 65/35 20 35 44

Second Line

Peeters 2010 [15]

Randomized, open-label, multicenter phase III trial

PAN ? FOLFIRI vs. FOLFIRI alone

294 61 65 95 93 7 64/36 NR NR NR

Salvage Therapy

Amado 2008 [8]

Randomized, open-label, multicenter phase III trial

PAN ? BSC vs. BSC only

119 63 64 99 86 14 69/31 NR NR NR

Bev bevacizumab, BSC best supportive care, Iri-CT irinotecan-based chemotherapy, Mets metastases, NR not reported, Ox-CT oxaliplatin-based

chemotherapy, PAN panitumumab

S312 Med Oncol (2011) 28:S310–S317

123



Analysis of overall survival (OS)

The fixed-effects model showed heterogeneity among

studies (chi2 statistic = 16.27; df = 4; I2=75%; P =

0.003). As shown in Fig. 2, the random-effects model

showed a non-significant trend favoring PBT in the sub-

sequent-line setting (HR = 0.90; [95% CI, 0.76–1.05];

P = 0.18). Nevertheless, PBT did not benefit patients in

the first-line setting, and the overall effect was not signifi-

cant (HR = 1.05 [95% CI, 0.80–1.37]; P = 0.74).

Combined and subgroup analyses of PFS and OS in two

selected studies

An exploratory analysis of the outcome of PBT was

attempted after excluding data from Hecht et al. where

panitumumab was added to bevacizumab and chemother-

apy, a regimen that was proved to be detrimental [13]. Also

excluded were the data from the study of Amado et al.

where panitumumab was in fact used as salvage therapy to

be compared with BSC only [8]. Therefore, a combined

analysis of the effects of PBT on PFS and OS among

patients with WT KRAS in the reaming two studies was

performed [14, 15]. In both studies, the treatment effect of

PBT was prospectively analyzed according to tumor KRAS

status. In the first, PBT was used in the first-line setting

[14], while in the second study, PBT was used as a second-

line intervention [15]. The fixed-effects model demon-

strated that PBT attained significant 23% reduction in

the risk of disease progression (HR = 0.77 [95% CI,

0.67–0.88]; P = 0.0003) and 16% reduction in mortality

(HR = 0.84 [95% CI, 0.73–0.97]; P = 0.02).

The two selected studies reported planned subgroup

analyses. Table 3 shows the combined outcome of PBT

versus control in those two studies. As there was no sig-

nificant heterogeneity (P = 0.99 for PFS and OS), all

analyses were based on fixed-effects model where a

HR \ 1.0 favored PBT. From the combined subgroup

Table 2 Efficacy results of the 4 studies included in the meta-analysis

Study PEP SEP Panitumumab-based therapy Control

ORR

%

Median

PFS (m)

95% CI Median

OS (m)

95% CI ORR

%

Median

PFS (m)

95% CI Median

OS (m)

95% CI

Hecht 2008 [13]

Oxaliplatin

cohort

PFS ORR, OS,

safety

50 9.8 8.4–11.3 20.7 17.7–NE 56 11.5 10.6–12.3 24.5 NE

Irinotecan

cohort

Safety ORR, OS 54 10.0 8.2–14.1 NE NE 48 12.5 9.0–15.7 19.8 19.8–NE

Douillard

2010 [14]

PFS OS 55 9.6 9.2–11.1 23.9 20.3–28.3 48 8.0 7.5–11.1 19.7 17.6–22.6

Peeters 2010

[15]

PFS,

OS

– 35 5.9 5.5–6.7 14.5 13.0–16.0 10 3.9 3.7–5.3 12.5 11.2–14.2

Amado 2008

[8]

PFS ORR, OS,

safety

17 3.1 NR 8.1 NR 0 1.8 NR 7.6 NR

CI confidence interval, NE not estimable, NR not reported, ORR objective response rate, PEP primary end point, PFS progression-free survival,

SEP secondary end point, OS overall survival

Fig. 1 Summary statistics and

corresponding forest plot for the

hazard ratio (HR) of

progression-free survival for

patients enrolled in the meta-

analysis. The comparison is

between panitumumab-based

therapy and control. HRs were

calculated using a random-

effects model
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analyses for PFS and OS, PBT favored men, patients

\65 years old, colon or rectal primary site, patients with

ECOG of 0, and disease regardless of the number of met-

astatic sites. In addition, PBT demonstrated PFS benefit

regardless of whether the liver being the only site of

metastases or there was additional non-liver disease. On the

other hand, PBT showed OS advantage only for liver-

limited disease.

Analysis of objective response rate (ORR)

The fixed-effects estimate showed significant heterogeneity

between studies (P \ 0.00001); thus, we only reported the

results of the random-effects model (Fig. 3). In the first-

line setting, adding panitumumab to either oxaliplatin- or

irinotecan-based therapy was not associated with signifi-

cant increase in ORR (odds ratio [ORs] = 1.08 [95% CI,

0.75–1.58]; P = 0.67). Conversely, PBT used in sub-

sequent setting achieved an almost tenfold increase in ORR

(OR = 0.67 [95% CI, 1.15–77.98]; P = 0.04), although

the 95% CI was wide. As shown in Fig. 3, the overall effect

was not significant. Restricting the analysis to the two

studies selected for the combined estimate of effect on PFS

and OS [14, 15] showed a twofold increase in ORR

(OR = 2.06 [95% CI, 1.61–2.63]; P \ 0.00001).

Safety

Grade 3 and 4 adverse events (AEs) of interest are listed in

Table 4. Patients receiving PBT experienced higher inci-

dence of any grade 3 or 4 AEs, skin toxicity, diarrhea,

hypokalemia, and hypomagnesemia. On the other hand,

panitumumab use was not associated with significantly

higher incidence of neurologic toxicity, neutropenia, or

infusion-related reaction.

Reported panitumumab-related death was rare. In the

study of Hecht et al. [13], 1% incidence of death was

attributed to be panitumumab-related: five in the Ox-CT

cohort (pulmonary embolism, cardiac arrest, cancer pro-

gression, arrhythmia, and intestinal perforation) and two in

the Iri-CT cohort (intestinal perforation and sepsis). In the

PRIME study [14], 2 panitumumab-related deaths (pneu-

monitis and pneumonia) among 322 patients (0.6%) were

reported. Peeters et al. [15] reported fatal AE considered

treatment-related in each arm: acute cardiac failure in the

panitumumab-FOLFIRI arm and cerebrovascular accident

in the FOLFIRI arm.

Fig. 2 Summary statistics and

corresponding forest plot for the

hazard ratio (HR) of overall

survival for patients enrolled

in the meta-analysis. The

comparison is between

panitumumab-based therapy

and control. HRs were

calculated using a random-

effects model

Table 3 Subgroup analyses of progression-free and overall survival

of panitumumab-based therapy versus control in patients with wild-

type KRAS

Factors Progression-free survival Overall survival

HR (95% CI) HR (95% CI)

Gender

Men 0.76 (0.63–0.91) 0.76 (0.63–0.91)

Women 0.82 (0.65–1.05) 0.82 (0.65–1.05)

Age in years

\65 0.74 (0.61–0.90) 0.74 (0.61–0.90)

C65 0.84 (0.67–1.05) 0.84 (0.67–1.05)

Primary site

Colon cancer 0.78 (0.66–0.93) 0.81 (0.70–0.92)

Rectal cancer 0.75 (0.59–0.97) 0.75 (0.59–0.97)

ECOG

0 0.77 (0.62–0.95) 0.77 (0.62–0.95)

1 0.82 (0.66–1.02) 0.82 (0.66–1.02)

2 0.99 (0.59–1.65) 0.99 (0.59–1.65)

Metastases sites

\3 sites 0.77 (0.63–0.95) 0.77 (0.63–0.95)

C3 sites 0.78 (0.63–0.95) 0.78 (0.63–0.95)

Liver metastases only

Yes 0.67 (0.47–0.95) 0.77 (0.63–0.95)

No 0.81 (0.69–0.94) 0.90 (0.74–1.10)

HR \ 1.0 favored panitumumab-based therapy

CI confidence interval, HR hazard ratio
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Discussion

The present meta-analysis that included 2,115 patients with

WT KRAS mCRC from 4 randomized studies elucidated

the clinical benefit of PBT. The outcome is robust con-

sidering the number of included patients and the fact that

most of the patients in the original studies had known

KRAS mutation status (82–93%). Moreover, the meta-

analysis included the data of the PRIME study, the first

study to evaluate the impact of the addition of pani-

tumumab to FOLFOX for the first-line treatment of

patients with WT KRAS mCRC and where the results were

prospectively analyzed by KRAS status [14]. We also

included the reported data of Peeters et al. (20050181), the

first study to prospectively analyze the treatment effect of

an anti-EGFR monoclonal antibody according to tumor

KRAS status in patients with previously treated mCRC

[15].

In this meta-analysis, PBT used in the subsequent setting

in patients with WT mCRC was associated with a 42%

reduction in the risk of disease progression. On the other

hand, using PBT in the first-line setting was not beneficial.

Analysis of OS for the 4 included studies only showed a

non-significant trend favoring PBT in the subsequent-line

setting.

The combined analysis of the two studies that prospec-

tively analyzed the effect of PBT according to tumor

KRAS status [14, 15] showed significant 23% significant

reduction in the risk of disease progression and 16%

mortality reduction. Moreover, combined analyses of var-

ious subsets in the same two studies where there were

planned subgroup analyses showed significant PFS and OS

benefit in most subgroups. There was no significant benefit,

though, for elderly patients, women, and those with poorer

ECOG performance status.

The unbalanced crossover upon progression to an

alternative intervention including subsequent EGFR

inhibitor use may have confounded the estimated effect of

PBT on OS. Crossover was reported in three of the inclu-

ded studies. Subsequent to study treatment, in the PRIME

trial, 8% of patients in the panitumumab-FOLFOX arm and

18% of patients in the FOLFOX arm received anti-EGFR

monoclonal antibody therapy [14]. More patients ran-

domized to the FOLFOX arm than patients randomized to

Fig. 3 Summary statistics and

corresponding forest plot for the

odds ratio (OR) of objective

response rate for patients

enrolled in the meta-analysis.

The comparison is between

panitumumab-based therapy

and control. HRs were

calculated using a random-

effects model

Table 4 Grade 3 and 4 adverse

events of interest

a The number included some

patients with MT KRAS from

the study of Hecht et al. as in

this study; adverse events were

reported regardless of KRAS

mutation status [13]

Adverse event Panitumumab-based therapy Control Odds ratio

(95% CI)
No. of

patientsa
% with

event

No. of

patientsa
Percent with

event

Patients with any event 1,142 83.7 1,131 66.8 2.71 (2.09–3.50)

Neurologic toxicities 840 29.9 837 27.9 1.42 (0.49–4.16)

Skin toxicity 1,142 36.3 1,131 1.5 33.85 (18.3–62.6)

Neutropenia 1,142 16.1 1,131 15.6 1.05 (0.73–1.52)

Diarrhea 1,142 20.0 1,131 10.3 2.17 (1.65–2.85)

Hypokalemia 624 6.2 621 0.9 3.53 (1.12–11.07)

Hypomagnesemia 1,142 4.7 1,131 0.3 12.9 (4.29–39.03)

Infusion-related reaction 624 0.6 621 0 5.00 (0.58–42.95)
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the panitumumab-FOLFOX arm received subsequent che-

motherapy (62 vs. 53%). In the study reported by Amado

et al. [8], 76% of patients with WT KRAS assigned to BSC

only received panitumumab in a crossover protocol and

45% of them demonstrated clinical benefit. Furthermore, in

the study by Peeters et al. [15], 31% of patients in the

FOLFIRI arm with WT KRAS tumor received anti-EGFR

monoclonal antibody therapy.

In this meta-analysis, it was also shown that PBT used in

subsequent setting was associated with increased ORR.

Moreover, restricting the analysis to the two studies

selected for the combined estimate of effect of PBT [14,

15] showed a twofold increase in ORR (OR = 2.06).

It is interesting that the favorable effect of PBT was

larger when used in second and subsequent lines. One

possible explanation is that tumor cells may acquire

changes over time or upregulation induced by prior first-

line chemotherapy exposure rendering them more suscep-

tible to anti-EGFR therapy. However, there are no suffi-

cient data in the literature examining the possibility of

spontaneous upregulation of EGFR in colon cancer cells.

To the contrary, circulating tumor cells derived from

patients with breast cancer had consistent levels of EGFR

expression at different time points [16].

Similar to the conclusion derived from cetuximab trials

[9], panitumumab do not benefit patients with MT KRAS

mCRC [8, 17–20]. However, while WT KRAS status is

required for a clinical benefit with PBT, it is not sufficient

to ascertain sensitivity to panitumumab. The mechanisms

of primary and treatment-emergent resistance to pani-

tumumab in patients with WT KRAS tumors are unknown.

With regard to primary resistance, EGFR may not be a

dominant oncogenic pathway in some tumors, regardless of

KRAS status. In addition, KRAS mutations may also be

subsequently acquired, leading to tumor cell heterogeneity.

Other potential mechanisms of resistance include activa-

tion of additional tyrosine kinase receptors, such as vas-

cular endothelial growth factor receptor, platelet-derived

growth factor receptor, and insulin-like growth factor 1

receptor [21]. Activating mutations of additional signaling

proteins downstream of the EGFR [22, 23], downstream of

KRAS such as RAF [24], and loss of function mutations of

tumor suppressor genes such as PTEN [22] may be useful

to further refine potential responders.

The detrimental outcome of combining panitumumab

with bevacizumab and chemotherapy as shown in the

PACCE trial [25] is similar to outcome shown combining

cetuximab, with bevacizumab and chemotherapy [26, 27].

While the exact explanation for these results is unknown,

several hypotheses have been postulated [13]. It has been

also suggested that these results may reflect a pharmaco-

dynamic or pharmacokinetic interaction and may represent

a class effect [28].

The meta-analysis also showed that PBT is generally

safe. As expected, PBT was associated with increased skin

toxicity. There is evidence, however, that skin toxicity

associated with EGFR inhibition can be effectively ame-

liorated [29]. It was also reported that there is an associa-

tion between skin toxicity and efficacy [30]. Also increased

in association with PBT were diarrhea, hypokalemia, and

hypomagnesemia. Reported panitumumab-related infu-

sion-related reaction or death was rare (\1%). Adminis-

tration of panitumumab in a standard 2-week dosing

regimen allows for synchronization with chemotherapy

dosing and proved convenient.

In conclusion, this meta-analysis showed significant

clinical benefit for PBT among patients with WT KRAS

mCRC particularly when used in second- and subsequent-

line settings. The benefit was demonstrated in most sub-

group analyses. Further research to characterize the effect

of additional affordable, reliable, and easily available

biomarkers to better define potential responders is seriously

needed.
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