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Abstract

Improvements in outcomes for patients with resectable lung cancers have plateaued. Clinical trials
in this disease using overall survival as the primary endpoint require a decade or longer to
complete, are expensive, and limit innovation. A surrogate for survival, such as pathologic
response to neoadjuvant chemotherapy, has the potential to improve the efficiency of trials and
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expedite advances. <10% residual viable tumor following neoadjuvant chemotherapy, termed here
major pathologic response meets criteria for a surrogate: it strongly associates with improved
survival, is reflective of treatment impact, and captures the magnitude of the treatment benefit on
survival. We support the incorporation of major pathologic response as a surrogate endpoint for
survival in future trials for resectable lung cancers. Additional prospective studies are needed to
confirm the validity and reproducibility of major pathologic response within individual histologic
and molecular subgroups and with novel therapeutics.

INTRODUCTION

Non-small cell lung cancers (NSCLCs) are the greatest cause of cancer death. Despite recent
advances in the treatment of advanced NSCLCs, there has been little improvement in the
treatment of resectable NSCLCs in nearly a decade.(1)

The operational challenges of conducting multimodality clinical trials and the long wait for
results are two reasons for the sluggish progress in resectable (stage I-111A) NSCLCs (Table
1). For example, the most recent phase 111 trial of adjuvant chemotherapy in NSCLCs,
ANITA, was published 12 years after enrollment began.(2) Three-year disease disease-free
survival (DFS) following definitive therapy closely associates with 5-year overall survival
(3), but this too takes many years to ascertain. In ANITA, it would have taken 9 years from
study launch until assessment of 3-year DFS for all patients.(2) Similarly, trials of adjuvant
therapy in colon cancer that used 3-year DFS as a primary outcome took 8 years until
publication.(4, 5)

Although overall survival remains the gold-standard outcome measure for phase Il trials,
the protracted length of these clinical trials in resectable NSCLCs makes this research
daunting and expensive - in both human and financial terms. Evaluation of promising agents
is often not pursued because the process is too long, too laborious, and may not yield results
before the drug’s patent-life would expire. These barriers slow progress and potentially stifle
innovation.

One strategy to expedite clinical trials is the use of surrogate measurements. In a seminal
paper by Prentice (12), a conservative set of validation rules for surrogates was proposed:

- The treatment intervention must be associated with the surrogate
- The surrogate must be associated with the true outcome
- The surrogate must be able to explain the entirety of the effect on the true outcome

The last requirement is the most difficult to confirm, requiring the sample sizes of large
phase I1I trials and meta-analysis methods. In an example of a surrogate that passes these
criteria, Sargent and colleagues demonstrated in patients with colon cancer that 3-year DFS
after adjuvant therapy was a valid surrogate for overall survival.(13) This analysis required
pooling of 20,898 patients across 18 randomized studies.

The United States Food and Drug Administration (USFDA), in its accelerated approval
process, has adopted a less stringent definition of surrogacy, requiring that a surrogate
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endpoint be “reasonably likely to predict clinical benefit.”(14, 15) Other groups have urged
caution in hastily equating a correlate with a surrogate.(16, 17) This caution emphasizes
that although a correlate may associate with the true outcome, a surrogate should also
manifest the treatment effect and reflect the magnitude of the treatment effect on the true
outcome.

With these considerations in mind, we propose that pathologic response following
neoadjuvant (pre-operative, induction) chemotherapy for resectable NSCLCs can serve as a
surrogate for overall survival. This proposal is based upon the following observations: 1) the
extent of pathologic response strongly correlates with improved overall survival; 2) the
pathologic response is reflective of the effect of neoadjuvant therapy; and 3) the degree of
pathologic response associates with the degree of benefit in overall survival. Although such
descriptions fall short of the Prentice criteria for establishing surrogacy, they do importantly
differentiate pathologic response from a simple correlate. Consistent with the definition of
surrogacy proposed by the USFDA, we believe these features support the use of pathologic
response as a surrogate endpoint for overall survival in patients with resectable NSCLCs
treated with neoadjuvant chemotherapy.

The rationale for assessing pathologic response following neoadjuvant therapy is built,
foremost, on the similar survival benefit of neoadjuvant versus adjuvant therapy in
resectable NSCLCs. In meta-analyses, adjuvant (18-20) or neoadjuvant (8, 21-23) cytotoxic
chemotherapy equally improve survival in patients with stage IB-111A NSCLCs. Uniquely, a
neoadjuvant approach permits assessment of the in vivo response to treatment at resection.
Several large studies have failed to demonstrate a benefit to neoadjuvant chemoradiation in
stage 111 disease.(11, 24-26) We do not advocate the use of neoadjuvant chemoradiation
outside of superior sulcus tumors or clinical trials. As such, our discussion here focuses
mainly on neoadjuvant chemotherapy.

We believe that the adoption of a consensus definition of pathologic response as a surrogate
for overall survival can expedite the development of improved treatments for all patients
with NSCLCs. Our goals here are to spur discussion, foster cooperation, and accelerate the
research necessary to establish pathologic response after neoadjuvant chemotherapy as an
accepted and used surrogate for survival in patients with resectable NSCLCs.

1. COMPLETE PATHOLOGIC RESPONSE IN NSCLCs

The frequency of complete pathologic response (pCR) has been reported in many trials of
neoadjuvant chemotherapy for resectable NSCLCs, however the methods vary. Some trials
report the frequency of pCR as a fraction of all patients treated, while others consider only
those who were surgically explored or completely resected. As the former calculation gives
the most conservative sense of the response, we report, whenever possible, the frequency of
response as a fraction of the total number of patients treated. The consideration of the
appropriate denominator is important for statistical planning of prospective trials.

In forerunning trials of neoadjuvant chemotherapy, Pisters (27), Roth (28), and Rosell (29)
reported the frequency of pCR as 12% (9/73), 0% (0/28) and 3% (1/30), respectively.
Overall, the median frequency of pCR from 15 trials of neoadjuvant chemotherapy is 4%
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(range 0-16%).(8-10, 23, 24, 27-36) The rarity of pCR in these series limits statistically
significant conclusions regarding the implications of pCR on survival. However, the report
by Pisters of 54% five-year survival in patients with stage 111A disease who achieved a pCR
was provocative.(27)

Prospective trials have evaluated the correlation between pCR and overall survival.
Betticher (31, 37) reported that median overall survival was significantly improved in
patients with stage 11IA(N2) NSCLCs who had a pCR (p=0:04), defined as =95% pathologic
response. (Most other trials have defined pCR as eradication of all tumor from resected lung
and lymph node tissue.) In 179 patients with IB-111A NSCLCs treated with neoadjuvant
chemotherapy, Depierre found 11% achieved a pCR and had a 0.42 relative risk of death
(p<0:001).(35) These results were combined with another trial (36) to total 492 patients with
stage IB-11 NSCLCs treated with neoadjuvant chemotherapy.(38) 8% of those resected had a
pCR. An unknown number of patients were not resected and were not included in the
denominator. Nevertheless, in those with pCR, the five-year survival significantly improved
(80% versus 56% without pCR, p<0-01). In a multivariate analysis, the HR for death with
pCR was 0-34 (95% CI 0-18-0-64).

Of note, in this study and in one other (39), the rate of pCR was higher in those with
squamous cell histology.

In sum, an association between pCR and survival is consistently found following
neoadjuvant chemotherapy. Several studies have described the frequency of pCR but fewer
describe its impact on survival. This omission is likely due to the infrequency of pCR, which
requires large sample sizes in order to demonstrate statistical significance. The need for
large trials limits the feasibility and utility of adopting of pCR as a surrogate end-point in
future studies.

2. RESIDUAL VIABLE TUMOR AS A SURROGATE FOR SURVIVAL IN

NSCLCs

Acknowledging the limited utility of pCR, others have evaluated more liberal definitions of
pathologic response following neoadjuvant chemotherapy.

These studies have built upon the retrospective study by Junker (40, 41), who reviewed 40
tumors from patients with stage 111A/111B NSCLCs treated with sequential neoadjuvant
chemotherapy, chemoradiation, and surgical resection. The investigators performed a
thorough pathologic analysis. The median survival was 36 months in the cohort with <10%
residual tumor tissue compared to 14 months in all others (p=0.02).

Other groups evaluated the percentage of residual viable tumor in patients following
neoadjuvant chemotherapy only. As part of a prospective trial of neoadjuvant chemotherapy
for 90 patients with stage I11A(N2) NSCLCs, Betticher (37) evaluated the degree of
pathologic response. The median pathologic response was 60% and 22% had >90%
response.(31) In survival analysis, patients with >60% pathologic response had median
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overall survival of 61 months compared to 22 months in those with <60% response
(p=0:03). No analysis was reported of the group with >90% treatment response.

Recently, Pataer and colleagues (42) performed a comprehensive analysis of 192 patients
with resected stage I-IVV NSCLCs treated with neoadjuvant chemotherapy. At least one slide
per centimeter of greatest tumor diameter was reviewed for each specimen. The average
(mean) of the percentages of viable tumor cells in each slide was reported for each patient
(Figure 1). Reviewing multiple sections from each tumor takes into account intrinsic
intratumoral variability, but interobserver variability among pathologists was not formally
assessed.

As a continuous variable in multi-variate analysis, each additional percentage of viable
tumor that remained was significantly associated with a 1% increase in the risk of death (HR
for death = 1.01, p = 0-005). The degree of pathologic response also correlated with disease-
free survival (HR=1.01, p=0-01).

The percent of residual viable tumor was also treated as a categorical variable and analyzed
relative to the risk of death is displayed in the panel aside.

Percentage of residual viable
tumor following neo-adjuvant | Hazard Ratio for death
chemotherapy
1-10% 1.00

11-30% 2:51 (95% CI 0-91-6-96)
31-50% 3-39 (95% CI 1-40-8-22)
51-70% 4.57 (95% CI 1.98-10-52)
71-100% 4.78 (95% CI 2-:06-11-11)

These data demonstrated the robust improved survival in those with 0-10% viable tumor
compared to other groups. These correlations remained significant when patients were
stratified by stage. In a follow-up report (43), only pathologic stage and pathologic response
(< 10% viable tumor) associated with overall survival in multivariate analysis (HR=2-39
[p=0-05] if >10% viable tumoar).

Pathologic response was also examined per the methods described by Pataer (42) in a
prospective trial by Chaft.(44) Here, 50 patients with stage IB-111A NSCLCs were treated
with neoadjuvant chemotherapy and bevacizumab. 22% patients had <10% viable tumor. Of
those who had <10% viable tumor, 100% were alive at three years, compared to only 49%
of those who had resection but >10% residual tumor (p=0:01). This comparison remained
significant after adjustment for stage (p=0.02).

In a separate study, Thomas (11) randomized 524 patients with stage 111A/111B NSCLCs to
either neoadjuvant chemotherapy alone or chemotherapy followed by concurrent
chemoradiation prior to surgical resection. In multivariate analysis limited to the patients
with N2 or N3 disease at diagnosis and who were able to receive a complete resection,
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<10% residual viable tumor did not correlate with survival. However, this subset analysis
may have been impacted by the use of radiation, as discussed below.

In summary, these studies demonstrate the value of analyzing the pathologic response in
patients with resectable NSCLCs treated with neoadjuvant chemotherapy. Specifically, the
findings that 1) the association between <10% residual tumor tissue and survival is strong,
2) the variable degree of pathologic response statistically tracks with the impact on survival,
and 3) the significant association between <10% viable tumor and survival in multi-variate
analysis demonstrating that pathologic response captures a substantial part of the effect of
treatment on survival, are all critical to establishing pathologic response as an acceptable
surrogate following neoadjuvant chemotherapy.

We propose that <10% residual tumor tissue in resected lung and lymph node tissue should
be considered a surrogate of overall survival in patients with resectable NSCLCs treated
with neoadjuvant chemotherapy. We term this surrogate metric “major pathologic response”
or “MPR.” Results from prospective studies by Betticher (31) and Chaft (44) both report that
22% of patients with stage I-111A NSCLCs treated with neoadjuvant cisplatin-based
chemotherapy achieved a MPR. (The GLCCG study reported by Thomas (11) reported only
7% MPR following chemotherapy, but the majority of these patients were stage 111B, which
is considered and treated differently.) This benchmark may be helpful for statistical planning
of future trials integrating MPR as an outcome.

Although the association between MPR and improved survival is consistent across studies,
the number of studies evaluating MPR is modest. VValidation in larger studies is needed for
all NSCLCs across various histologies and genotypes. Additionally, the impact of
molecularly targeted or immunologic therapies on pathologic response and the suitability of
MPR as a surrogate with these therapies are presently unknown.

3. PATHOLOGIC NODAL RESPONSE: DOWNSTAGING AND CLEARANCE

The association between nodal response to neoadjuvant therapy and overall survival has also
been evaluated. Nodal downstaging (N2 — N1 or NO) and nodal clearance (N2 — NO) have
each been assessed, although such analyses are confined to patients with pathologically
confirmed nodal disease at diagnosis.

Several studies demonstrated a positive association between nodal downstaging and
improvement in overall survival in patients with pathologically confirmed 111A(NZ2)
NSCLCs following neoadjuvant chemotherapy (24, 31, 32, 37, 45) and in 1H1A/I1IB
NSCLCs following chemoradiation.(11, 46)

A robust association between full nodal clearance and improved overall survival following
neoadjuvant therapy (37, 47, 48) and chemoradiation (25) has also been described in trials of
IIA(N2) NSCLCs. Only one prospective study failed to show a correlation between nodal
clearance and survival following neoadjuvant chemotherapy.(24)

Collectively, these trials demonstrate a strong association between nodal response and
improved survival following neoadjuvant therapy (both chemotherapy and chemoradiation)
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for patients with NSCLCs with N2 disease. However, the utility of nodal response as a
surrogate for survival is limited because it is dependent on the accuracy of nodal assessment
and is only applicable to those pathologically confirmed nodal disease at diagnosis.

4. PATHOLOGIC RESPONSE FOLLOWING NEOADJUVANT
CHEMORADIATION: IS IT THE SAME?

Although we do not advocate the routine use of neoadjuvant chemoradiation, a brief review
of the studies evaluating pathologic response following neoadjuvant chemoradiation is
instructive in the context of considering pathologic response as a surrogate measurement.

One setting in which neoadjuvant chemoradiation is standard is in patients with superior
sulcus tumors. In patients with these tumors, the association between pCR and improved
survival was evaluated in the INT0160 (49) and JCOG9806 (50) trials. pCR occurred in
29% and 16% of patients enrolled, respectively. Those who achieved a pCR had an
improved survival compared to those with any residual disease at the time of resection,
although only INT0160 was large enough to reach statistical significance (p=0-02).(49)

In non-superior sulcus tumors treated with neoadjuvant chemoradiation, the median
frequency of pCR is 10% (range 5-15%) in stage I1IA/I1IB disease.(11, 46, 51-53) Two trials
evaluated in patients with stage 111A(N2) only; the frequencies of pCR were 10% (48) and
14%.(25)

It may be noted that pCR is numerically more frequent in neoadjuvant chemoradiation trials
(median 10%) than in chemotherapy trials (median 4%). As neoadjuvant chemoradiation is
not superior to chemotherapy alone and as chemoradiation trials include a preponderance of
stage HIA/INIB disease, this finding may be puzzling, especially when considering the
possibility that pCR may be a surrogate for survival. We conjecture that, although pCR in
the primary tumor of patients treated with chemoradiation is indicative of the effect of
radiation on local disease control, it does not reflect the impact of treatment on occult,
distant, non-irradiated sites of disease. In contrast, the effect of systemic chemotherapy in
the resected tumor is likely proportional to its effect in micrometastatic disease. In the
context of Prentice’s criteria discussed above (12), pathologic response following
neoadjuvant chemotherapy more fully captures the impact of treatment on survival in
comparison to neoadjuvant chemoradiation.

Consistent with this hypothesis, two studies noted that the addition of pre-operative radiation
to neoadjuvant chemotherapy increased the frequency of pCR (17% versus 2%) or <10%
residual tumor (22% versus 7%), respectively, but pre-operative radiation did not improve
survival.(11, 34) Similarly, a historical trial of pre-operative radiation alone demonstrated
high rates of pCR, but pCR had no association with survival.(54)
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5. PERSPECTIVES ON THE USE OF PATHOLOGIC RESPONSE
SURROGATES IN THE NEOADJUVANT TREATMENT OF OTHER CANCERS

Perhaps the earliest evaluation of the correlation between pathologic response and survival
was in sarcomas in the 1980s.(55) However, the experience in breast cancer is the largest
and most persuasive demonstration of the benefits of using pathologic response as a
surrogate.

In breast cancer, pCR is a routinely used measurement of pathologic response and robustly
correlates with survival in many multi-institutional, randomized trials.(56-62) Based on its
correlation with survival, the ability to reflect the effect of treatment on survival, and the
capacity to capture the magnitude of the benefit of treatment on survival pCR is increasingly
adopted as a surrogate measurement. Work is ongoing to develop a universal definition of
pCR and to address the validity of pCR as a surrogate across molecular subtypes.(63-66)

As a result, pCR is preliminarily supported by regulatory agencies, including the USFDA, as
a potential mechanism for accelerated approval of new therapies. The USFDA released a
draft “Guidance for Industry,” which outlines proposals of the use of pCR as an acceptable
endpoint in clinical trials.(67) Additionally, the USFDA Breast Oncology Group recently
presented a meta-analysis of 12,993 patients in 12 randomized trials of neoadjuvant
chemotherapy in patients with breast cancer.(68) The association between pCR and DFS and
OS was robust. And, although the rate of pCR varied between individual breast cancer
subgroups, the HR for death within each subgroup was improved in those who had pCR.

No drug has yet been approved on the basis of neoadjuvant pathologic response but trials
incorporating pCR as a primary outcome have already begun (Table 2). Demonstrating the
ability to accelerate the duration of clinical trials, the B-40 (69) and GBG44 (70) trials have
used pCR as a primary endpoint in the pursuit of expeditious approval of neoadjuvant
bevacizumab in resectable breast cancers. Both trials were reported five years after
beginning enrollment. Moving forward, the 1-SPY trials (64) also use pCR as the primary
endpoint with the explicit purposes of more efficient trial design and drug development.

The collective experience in breast cancers demonstrates that pathologic response to
neoadjuvant therapy 1) can serve as a surrogate for survival, 2) is most useful when a
definition of pathologic response is broadly accepted, 3) should be validated in individual
histologic and molecularly defined subgroups and for specific pharmacologic agents, 4) can
hasten the pace of clinical trials and, ultimately, and 5) expedite delivering advances in care
to all patients.

6. COMMENTARY

Various measurements of pathologic response following neoadjuvant chemotherapy
correlate with overall survival in patients with NSCLCs. pCR after neoadjuvant
chemotherapy correlates with improved survival, but its usefulness as a surrogate is limited
by its infrequency. Nodal response also correlates with improved survival but is dependent
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on the accuracy of nodal staging and is applicable only to patients with documented nodal
disease.

In contrast, an assessment of the residual viable tumor, specifically “major pathologic
response” (MPR, <10% residual viable tumor in resected lung and lymph node tissue) is
well suited to be adopted as a surrogate of survival in NSCLCs treated with neoadjuvant
chemotherapy (Tables 3 and 4). MPR reliably and significantly associates with survival in
retrospective and prospective studies, reflects treatment-specific anti-tumor activity,
manifests the magnitude of the impact of treatment on survival, is applicable to all stages of
NSCLCs, is independent of pre-treatment staging accuracy, and can be determined using
relatively simple and inexpensive methods.

Unresolved Issues, Limitations, and Pitfalls

Potential pathologic surrogates for survival in NSCLCs following neoadjuvant therapy have
been considered for decades but still none are widely used or accepted. Although we
advocate that MPR should be considered a surrogate for survival, we also acknowledge that
others may object to the definition of MPR as a “surrogate.” MPR falls short of Prentice’s
criteria for surrogacy and studies formally assessing MPR and its association with survival
have been relatively modestly sized, especially in contrast to breast cancer or to the global
burden of NSCLCs.

However, the continued disappointing outcomes and stagnant progress for patients with
resectable NSCLCs and the need for improved efficiency for clinical trials in this disease
prompt a call to action. Despite various nuances that remain to be refined in breast cancer,
there has been substantial benefit and increasing acceptance (including at the regulatory
level) of using pCR as a surrogate for survival in trials. Therefore, assured by the features of
MPR discussed in this review (summarized in Table 3), we believe that MPR is a reasonable
surrogate for survival and should be systematically evaluated as an endpoint in neoadjuvant
clinical trials.

By highlighting the potential impact of the MPR, we hope to spur the lung cancer
community to perform the larger studies needed to confirm MPR as a surrogate. It is
appropriate to wait for these larger, confirmatory studies before using MPR as the primary
endpoint for regulatory approval. In the meantime, we encourage the routine assessment (per
methods reported in (42)) of the percent of residual tumor in patients with NSCLCs treated
with neoadjuvant chemotherapy.

It should be noted the effect size measured by surrogate metrics is often larger than the
effect size when survival is ultimately determined.(74) Therefore, trials incorporating MPR
should be designed to evaluate a significant increase in MPR (e.g. doubling from the
expected 20% with standard therapy, to 40% with experimental therapy) to order to ensure a
clinical meaningful impact on survival. For example, in a phase 11 trial of 235 patients with
resectable HER2 amplified breast cancer, the addition of neoadjuvant (and adjuvant)
trastuzumab doubled the pCR rate and increased the primary endpoint, 3-year event-free
survival, from 56% to 71% (p= 0-013).(75) The B-40 study evaluating neoadjuvant

Lancet Oncol. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hellmann et al.

Page 10

bevacizumab in resectable breast cancers is designed to evaluate only a 30% increase in
pPCR (29% — 38%), but it is unknown if this difference will be clinically meaningful.(69)

An important limitation of the use of MPR is the inability to capture the impact of treatment
related adverse events. Therefore, we advocate that any trials using surrogate endpoints such
as MPR be based on a careful evaluation of toxicity in preceding trials and designed to
monitor the long-term outcomes, including survival, in order to fully evaluate the risk/
benefit ratio of treatment.

Future studies are needed to formally assess the interobserver variability of MPR using the
methods described above, especially prior to use in multi-institution studies. Additionally,
the validity of MPR as a surrogate following novel therapies such as tyrosine kinase
inhibitors or immunotherapies is unknown and should be evaluated separately. We advocate
that MPR first be examined as a secondary endpoint and potential surrogate marker in
studies using therapies with unique mechanisms of action. Studies of therapies that cause
minimal cell death should not evaluate MPR as a possible surrogate; the biologic impact of
the therapy is unlikely to be reflected by MPR and therefore MPR would be a dubious
surrogate in this context.

Additionally, further work is needed to determine the applicability of MPR across the many
histiologic and ever-increasing different genetic subgroups of NSCLCs. Lastly, the ability of
MPR to discriminate the relative benefits of two different regimens in comparative studies
(A+B vs A or A vs B) is untested.

Our goal here is to crystallize an organized and cooperative effort to clarify these remaining
uncertainties by integrating MPR in ongoing and future studies of neoadjuvant therapy in
NSCLCs.

7. SUMMARY STATEMENTS AND PROPOSALS

Chemotherapy given in the neoadjuvant or adjuvant settings are similar in terms of the
impact on overall survival for patients with resectable NSCLCs. However, the neoadjuvant
approach uniquely permits assessment of efficacy during treatment and the degree of
pathologic response after treatment.

Major pathologic response (MPR) following neoadjuvant chemotherapy associates with
overall survival in patients with resectable NSCLCs. MPR directly reflects the impact of
chemotherapy and the magnitude of MPR reflects the magnitude of improvement in overall
survival. MPR also associates with disease-free survival.(42) MPR is a surrogate of overall
survival in this setting and should be an integrated as an endpoint in clinical trials.

We propose “major pathologic response” (MPR), defined as <10% residual viable tumor in
the resected lung and lymph node tissue, as an assessable and reliable surrogate
measurement of survival (Table 4). Methods of evaluation are described in (42) and are
detailed in figure 1.
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We feel that MPR may serve as an acceptable endpoint for accelerated approval of an agent
or regimen used in the perioperative setting for patients with resectable NSCLCs. Overall
survival should be examined prior to full regulatory approval to comprehensively validate
the surrogate and to assessed the long term benefits and toxicities.

Acknowledgments

Role of Funding Source

There was no funding source for this article.

REFERENCES

1.

Arriagada R, Bergman B, Dunant A, Le Chevalier T, Pignon JP, Vansteenkiste J. Cisplatin-based
adjuvant chemotherapy in patients with completely resected non-small-cell lung cancer. The New
England Journal of Medicine. Jan 22; 2004 350(4):351-60. PubMed PMID: 14736927. [PubMed:
14736927]

. Douillard JY, Rosell R, De Lena M, Carpagnano F, Ramlau R, Gonzales-Larriba JL, et al. Adjuvant

vinorelbine plus cisplatin versus observation in patients with completely resected stage 1B-I111A non-
small-cell lung cancer (Adjuvant Navelbine International Trialist Association [ANITA]): a
randomised controlled trial. The Lancet Oncology. Sep; 2006 7(9):719-27. PubMed PMID:
16945766. [PubMed: 16945766]

. Mauguen A, Pignon JP, Burdett S, Domerg C, Fisher D, Paulus R, et al. Surrogate endpoints for

overall survival in chemotherapy and radiotherapy trials in operable and locally advanced lung
cancer: a re-analysis of meta-analyses of individual patients' data. The Lancet Oncology. Jun; 2013
14(7):619-26. PubMed PMID: 23680111. [PubMed: 23680111]

. Haller DG, Tabernero J, Maroun J, de Braud F, Price T, Van Cutsem E, et al. Capecitabine plus

oxaliplatin compared with fluorouracil and folinic acid as adjuvant therapy for stage 111 colon
cancer. Journal of Clinical Oncology. Apr 10; 2011 29(11):1465-71. PubMed PMID: 21383294.
[PubMed: 21383294]

. Alberts SR, Sargent DJ, Nair S, Mahoney MR, Mooney M, Thibodeau SN, et al. Effect of

oxaliplatin, fluorouracil, and leucovorin with or without cetuximab on survival among patients with
resected stage 111 colon cancer: a randomized trial. JAMA. Apr 4; 2012 307(13):1383-93. PubMed
PMID: 22474202. [PubMed: 22474202]

. Winton T, Livingston R, Johnson D, Rigas J, Johnston M, Butts C, et al. Vinorelbine plus cisplatin

vs. observation in resected non-small-cell lung cancer. The New England Journal of Medicine. Jun
23; 2005 352(25):2589-97. PubMed PMID: 15972865. [PubMed: 15972865]

. Strauss GM, Herndon JE 2nd, Maddaus MA, Johnstone DW, Johnson EA, Harpole DH, et al.

Adjuvant paclitaxel plus carboplatin compared with observation in stage 1B non-small-cell lung
cancer: CALGB 9633 with the Cancer and Leukemia Group B, Radiation Therapy Oncology
Group, and North Central Cancer Treatment Group Study Groups. Journal of clinical oncology :
official journal of the American Society of Clinical Oncology. Nov 1; 2008 26(31):5043-51.
PubMed PMID: 18809614. Pubmed Central PMCID: 2652093. Epub 2008/09/24. eng. [PubMed:
18809614]

. Gilligan D, Nicolson M, Smith I, Groen H, Dalesio O, Goldstraw P, et al. Preoperative

chemotherapy in patients with resectable non-small cell lung cancer: results of the MRC LU22/
NVALT 2/EORTC 08012 multicentre randomised trial and update of systematic review. Lancet.
Jun 9; 2007 369(9577):1929-37. PubMed PMID: 17544497. Epub 2007/06/05. eng. [PubMed:
17544497]

. Pisters KM, Vallieres E, Crowley JJ, Franklin WA, Bunn PA Jr. Ginsberg RJ, et al. Surgery with or

without preoperative paclitaxel and carboplatin in early-stage non-small-cell lung cancer: Southwest
Oncology Group Trial S9900, an intergroup, randomized, phase I1 trial. Journal of Clinical
Oncology. Apr 10; 2010 28(11):1843-9. PubMed PMID: 20231678. [PubMed: 20231678]

Lancet Oncol. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hellmann et al.

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Page 12

Felip E, Rosell R, Maestre JA, Rodriguez-Paniagua JM, Moran T, Astudillo J, et al. Preoperative
chemotherapy plus surgery versus surgery plus adjuvant chemotherapy versus surgery alone in
early-stage non-small-cell lung cancer. Journal of Clinical Oncology. Jul 1; 2010 28(19):3138-45.
PubMed PMID: 20516435. [PubMed: 20516435]

Thomas M, Rube C, Hoffknecht P, Macha HN, Freitag L, Linder A, et al. Effect of preoperative
chemoradiation in addition to preoperative chemotherapy: a randomised trial in stage |11 non-
small-cell lung cancer. The Lancet Oncology. Jul; 2008 9(7):636-48. PubMed PMID: 18583190.
[PubMed: 18583190]

Prentice RL. Surrogate endpoints in clinical trials: definition and operational criteria. Statistics in
Medicine. Apr; 1989 8(4):431-40. PubMed PMID: 2727467. [PubMed: 2727467]

Sargent DJ, Wieand HS, Haller DG, Gray R, Benedetti JK, Buyse M, et al. Disease-free survival
versus overall survival as a primary end point for adjuvant colon cancer studies: individual patient
data from 20,898 patients on 18 randomized trials. Journal of Clinical Oncology. Dec 1; 2005
23(34):8664—70. PubMed PMID: 16260700. [PubMed: 16260700]

21 Code of Federal Regulations, Part 314.530

Johnson JR, Williams G, Pazdur R. End points and United States Food and Drug Administration
approval of oncology drugs. Journal of Clinical Oncology. Apr 1; 2003 21(7):1404-11. PubMed
PMID: 12663734. [PubMed: 12663734]

Fleming TR, DeMets DL. Surrogate end points in clinical trials: are we being misled? Annals of
Internal Medicine. Oct 1; 1996 125(7):605-13. PubMed PMID: 8815760. [PubMed: 8815760]

Baker SG, Kramer BS. A perfect correlate does not a surrogate make. BMC Medical Research
Methodology. Sep 9.2003 3:16. PubMed PMID: 12962545. [PubMed: 12962545]

Pignon JP, Tribodet H, Scagliotti GV, Douillard JY, Shepherd FA, Stephens RJ, et al. Lung
adjuvant cisplatin evaluation: a pooled analysis by the LACE Collaborative Group. Journal of
Clinical Oncology. Jul 20; 2008 26(21):3552-9. PubMed PMID: 18506026. [PubMed: 18506026]

Arriagada R, Auperin A, Burdett S, Higgins JP, Johnson DH, Le Chevalier T, et al. Adjuvant
chemotherapy, with or without postoperative radiotherapy, in operable non-small-cell lung cancer:
two meta-analyses of individual patient data. Lancet. Apr 10; 2010 375(9722):1267-77. PubMed
PMID: 20338627. [PubMed: 20338627]

Lim E, Harris G, Patel A, Adachi I, Edmonds L, Song F. Preoperative versus postoperative
chemotherapy in patients with resectable non-small cell lung cancer: systematic review and
indirect comparison meta-analysis of randomized trials. Journal of Thoracic. Nov; 2009 4(11):
1380-8. PubMed PMID: 19861907.

Burdett S, Stewart LA, Rydzewska L. A systematic review and meta-analysis of the literature:
chemotherapy and surgery versus surgery alone in non-small cell lung cancer. Journal of Thoracic
Oncology. Sep; 2006 1(7):611-21. PubMed PMID: 17409927. [PubMed: 17409927]

Song WA, Zhou NK, Wang W, Chu XY, Liang CY, Tian XD, et al. Survival benefit of
neoadjuvant chemotherapy in non-small cell lung cancer: an updated meta-analysis of 13
randomized control trials. Journal of Thoracic Oncology. Apr; 2010 5(4):510-6. PubMed PMID:
20107424. [PubMed: 20107424]

Scagliotti GV, Pastorino U, Vansteenkiste JF, Spaggiari L, Facciolo F, Orlowski TM, et al.
Randomized phase I11 study of surgery alone or surgery plus preoperative cisplatin and
gemcitabine in stages IB to 111A non-small-cell lung cancer. Journal of Clinical Oncology. Jan 10;
2012 30(2):172-8. PubMed PMID: 22124104. [PubMed: 22124104]

van Meerbeeck JP, Kramer GW, Van Schil PE, Legrand C, Smit EF, Schramel F, et al.
Randomized controlled trial of resection versus radiotherapy after induction chemotherapy in stage
I11A-N2 non-small-cell lung cancer. Journal of the National Cancer Institute. Mar 21; 2007 99(6):
442-50. PubMed PMID: 17374834. [PubMed: 17374834]

Albain KS, Swann RS, Rusch VW, Turrisi AT 3rd, Shepherd FA, Smith C, et al. Radiotherapy
plus chemotherapy with or without surgical resection for stage I11 non-small-cell lung cancer: a
phase I11 randomised controlled trial. Lancet. Aug 1; 2009 374(9687):379-86. PubMed PMID:
19632716. Epub 2009/07/28. eng. [PubMed: 19632716]

Pless M, Stupp R, Ris H, Stahel RA, Weder W, Thierstein S, et al. Neoadjuvant chemotherapy
with or without preoperative irradiation in stage 111A/N2 non-small cell lung cancer (NSCLC): A

Lancet Oncol. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hellmann et al.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 13

randomized phase 111 trial by the Swiss Group for Clinical Cancer Research (SAKK trial 16/00).
Journal of Clinical Oncology. 2013; 31(suppl) abstr 7503.

Pisters KM, Kris MG, Gralla RJ, Zaman MB, Heelan RT, Martini N. Pathologic complete response
in advanced non-small-cell lung cancer following preoperative chemotherapy: implications for the
design of future non-small-cell lung cancer combined modality trials. Journal of Clinical
Oncology. Sep; 1993 11(9):1757-62. PubMed PMID: 8394881. [PubMed: 8394881]

Roth JA, Fossella F, Komaki R, Ryan MB, Putnam JB Jr. Lee JS, et al. A randomized trial
comparing perioperative chemotherapy and surgery with surgery alone in resectable stage I11A
non-small-cell lung cancer. Journal of the National Cancer Institute. May 4; 1994 86(9):673-80.
PubMed PMID: 8158698. [PubMed: 8158698]

Rosell R, Gomez-Codina J, Camps C, Maestre J, Padille J, Canto A, et al. A randomized trial
comparing preoperative chemotherapy plus surgery with surgery alone in patients with non-small-
cell lung cancer. The New England Journal of Medicine. Jan 20; 1994 330(3):153-8. PubMed
PMID: 8043059. [PubMed: 8043059]

Nagai K, Tsuchiya R, Mori T, Tada H, Ichinose Y, Koike T, et al. A randomized trial comparing
induction chemotherapy followed by surgery with surgery alone for patients with stage I11A N2
non-small cell lung cancer (JCOG 9209). The Journal of Thoracic and Cardiovascular Surgery.
Feb; 2003 125(2):254-60. PubMed PMID: 12579093. [PubMed: 12579093]

Betticher DC, Hsu Schmitz SF, Totsch M, Hansen E, Joss C, von Briel C, et al. Mediastinal lymph
node clearance after docetaxel-cisplatin neoadjuvant chemotherapy is prognostic of survival in
patients with stage I11A pN2 non-small-cell lung cancer: a multicenter phase Il trial. Journal of
Clinical Oncology. May 1; 2003 21(9):1752-9. PubMed PMID: 12721251. [PubMed: 12721251]

Jaklitsch MT, Herndon JE 2nd, DeCamp MM Jr. Richards WG, Kumar P, Krasna MJ, et al. Nodal
downstaging predicts survival following induction chemotherapy for stage I111A (N2) non-small
cell lung cancer in CALGB protocol #8935. Journal of Surgical Oncology. Dec 1; 2006 94(7):
599-606. PubMed PMID: 17039491. [PubMed: 17039491]

Martini N, Kris MG, Flehinger BJ, Gralla RJ, Bains MS, Burt ME, et al. Preoperative
chemotherapy for stage Illa (N2) lung cancer: the Sloan-Kettering experience with 136 patients.
The Annals of Thoracic Surgery. Jun; 1993 55(6):1365-73. discussion 73-4. PubMed PMID:
8390230. [PubMed: 8390230]

Martin J, Ginsberg RJ, Venkatraman ES, Bains MS, Downey RJ, Korst RJ, et al. Long-term results
of combined-modality therapy in resectable non-small-cell lung cancer. Journal of Clinical
Oncology. Apr 15; 2002 20(8):1989-95. PubMed PMID: 11956257. [PubMed: 11956257]

Depierre A, Milleron B, Moro-Sibilot D, Chevret S, Quoix E, Lebeau B, et al. Preoperative
chemotherapy followed by surgery compared with primary surgery in resectable stage | (except
T1NO), I, and I11a non-small-cell lung cancer. Journal of Clinical Oncology. Jan 1; 2002 20(1):
247-53. PubMed PMID: 11773176. [PubMed: 11773176]

Westeel V, Milleron B, Quoix E, Breton JL, Braun D, Puyraveau M, et al. 2009; 27(15s) suppl;
abstr 7530.

Betticher DC, Hsu Schmitz SF, Totsch M, Hansen E, Joss C, von Briel C, et al. Prognostic factors
affecting long-term outcomes in patients with resected stage 111A pN2 non-small-cell lung cancer:
5-year follow-up of a phase Il study. British Journal of Cancer. Apr 24; 2006 94(8):1099-106.
PubMed PMID: 16622435. Pubmed Central PMCID: 2361244. [PubMed: 16622435]

Mouillet G, Monnet E, Milleron B, Puyraveau M, Quoix E, David P, et al. Pathologic complete
response to preoperative chemotherapy predicts cure in early-stage non-small-cell lung cancer:
combined analysis of two IFCT randomized trials. Journal of Thoracic Oncology. May; 2012 7(5):
841-9. PubMed PMID: 22722786. [PubMed: 22722786]

Liao WY, Chen JH, Wu M, Shih JY, Chen KY, Ho CC, et al. Neoadjuvant Chemotherapy With
Docetaxel-Cisplatin in Patients With Stage 111 N2 Non-Small-Cell Lung Cancer. Clinical Lung
Cancer. Jan 3.2013 PubMed PMID: 23291258.

Junker K, Thomas M, Schulmann K, Klinke F, Bosse U, Muller KM. Tumour regression in non-
small-cell lung cancer following neoadjuvant therapy. Histological assessment. Journal of Cancer
Research and Clinical Oncology. 1997; 123(9):469-77. PubMed PMID: 9341895. [PubMed:
9341895]

Lancet Oncol. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hellmann et al.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

5L

52.

53.

54.

55.

Page 14

Junker K, Langner K, Klinke F, Bosse U, Thomas M. Grading of tumor regression in non-small
cell lung cancer : morphology and prognosis. Chest. Nov; 2001 120(5):1584-91. PubMed PMID:
11713138. [PubMed: 11713138]

Pataer A, Kalhor N, Correa AM, Raso MG, Erasmus JJ, Kim ES, et al. Histopathologic Response
Criteria Predict Survival of Patients with Resected Lung Cancer After Neoadjuvant
Chemotherapy. Journal of Thoracic Oncology. May; 2012 7(5):825-32. PubMed PMID:
22481232. [PubMed: 22481232]

William WN Jr. Pataer A, Kalhor N, Correa AM, Rice DC, Wistuba, et al. Computed Tomography
RECIST Assessment of Histopathologic Response and Prediction of Survival in Patients with
Resectable Non-Small-Cell Lung Cancer after Neoadjuvant Chemotherapy. Journal of Thoracic
Oncology. Feb; 2013 8(2):222-8. PubMed PMID: 23287849. [PubMed: 23287849]

Chaft JE, Rusch V, Ginsberg MS, Paik PK, Finley DJ, Kris MG, et al. Phase Il trial of neoadjuvant
bevacizumab plus chemotherapy and adjuvant bevacizumab in patients with resectable non-
squamous non-small cell lung cancers. Journal of Thoracic Oncology. 2013 In Press.

Katakami N, Tada H, Mitsudomi T, Kudoh S, Senba H, Matsui K, et al. A phase 3 study of
induction treatment with concurrent chemoradiotherapy versus chemotherapy before surgery in
patients with pathologically confirmed N2 stage 111A nonsmall cell lung cancer (WJTOG9903).
Cancer. Dec 15; 2012 118(24):6126-35. PubMed PMID: 22674529. [PubMed: 22674529]

Albain KS, Rusch VW, Crowley JJ, Rice TW, Turrisi AT 3rd, Weick JK, et al. Concurrent
cisplatin/etoposide plus chest radiotherapy followed by surgery for stages I11A (N2) and 111B non-
small-cell lung cancer: mature results of Southwest Oncology Group phase |1 study 8805. Journal
of Clinical Oncology. Aug; 1995 13(8):1880-92. PubMed PMID: 7636530. [PubMed: 7636530]
Bueno R, Richards WG, Swanson SJ, Jaklitsch MT, Lukanich JM, Mentzer SJ, et al. Nodal stage
after induction therapy for stage I11A lung cancer determines patient survival. The Annals of
Thoracic Surgery. Dec; 2000 70(6):1826—31. PubMed PMID: 11156079. [PubMed: 11156079]
Choi NC, Carey RW, Daly W, Mathisen D, Wain J, Wright C, et al. Potential impact on survival of
improved tumor downstaging and resection rate by preoperative twice-daily radiation and
concurrent chemotherapy in stage I11A non-small-cell lung cancer. Journal of Clinical Oncology.
Feb; 1997 15(2):712-22. PubMed PMID: 9053497. [PubMed: 9053497]

Rusch VW, Giroux DJ, Kraut MJ, Crowley J, Hazuka M, Winton T, et al. Induction
chemoradiation and surgical resection for superior sulcus non-small-cell lung carcinomas: long-
term results of Southwest Oncology Group Trial 9416 (Intergroup Trial 0160). Journal of Clinical
Oncology. Jan 20; 2007 25(3):313-8. PubMed PMID: 17235046. [PubMed: 17235046]

Kunitoh H, Kato H, Tsuboi M, Shibata T, Asamura H, Ichinose Y, et al. Phase Il trial of
preoperative chemoradiotherapy followed by surgical resection in patients with superior sulcus
non-small-cell lung cancers: report of Japan Clinical Oncology Group trial 9806. Journal of
Clinical Oncology. Feb 1; 2008 26(4):644-9. PubMed PMID: 18235125. [PubMed: 18235125]
Weiden PL, Piantadosi S. Preoperative chemotherapy (cisplatin and fluorouracil) and radiation
therapy in stage 111 non-small cell lung cancer. A phase 2 study of the LCSG. Chest. Dec; 1994
106(6 Suppl):344S-7S. PubMed PMID: 7988261. [PubMed: 7988261]

Strauss GM, Herndon JE, Sherman DD, Mathisen DJ, Carey RW, Choi NC, et al. Neoadjuvant
chemotherapy and radiotherapy followed by surgery in stage I11A non-small-cell carcinoma of the
lung: report of a Cancer and Leukemia Group B phase Il study. Journal of Clinical Oncology.
Aug; 1992 10(8):1237-44. PubMed PMID: 1321893. [PubMed: 1321893]

Faber LP, Kittle CF, Warren WH, Bonomi PD, Taylor SGt, Reddy S, et al. Preoperative
chemotherapy and irradiation for stage 11 non-small cell lung cancer. The Annals of Thoracic
Surgery. May; 1989 47(5):669-75. discussion 76-7. PubMed PMID: 2543340. [PubMed:
2543340]

Bromley LL, Szur L. Combined radiotherapy and resection for carcinoma of the bronchus;
experiences with 66 patients. Lancet. Nov 5; 1955 269(6897):937-41. PubMed PMID: 13264650.
[PubMed: 13264650]

Rosen G, Caparros B, Huvos AG, Kosloff C, Nirenberg A, Cacavio A, et al. Preoperative
chemotherapy for osteogenic sarcoma: selection of postoperative adjuvant chemotherapy based on
the response of the primary tumor to preoperative chemotherapy. Cancer. Mar 15; 1982 49(6):
1221-30. PubMed PMID: 6174200. [PubMed: 6174200]

Lancet Oncol. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hellmann et al.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Page 15

Fisher B, Bryant J, Wolmark N, Mamounas E, Brown A, Fisher ER, et al. Effect of preoperative
chemotherapy on the outcome of women with operable breast cancer. Journal of Clinical
Oncology. Aug; 1998 16(8):2672-85. PubMed PMID: 9704717. [PubMed: 9704717]

Guarneri V, Broglio K, Kau SW, Cristofanilli M, Buzdar AU, Valero V, et al. Prognostic value of
pathologic complete response after primary chemotherapy in relation to hormone receptor status
and other factors. Journal of Clinical Oncology. Mar 1; 2006 24(7):1037-44. PubMed PMID:
16505422. [PubMed: 16505422]

Kuerer HM, Newman LA, Smith TL, Ames FC, Hunt KK, Dhingra K, et al. Clinical course of
breast cancer patients with complete pathologic primary tumor and axillary lymph node response
to doxorubicin-based neoadjuvant chemotherapy. Journal of Clinical Oncology. Feb; 1999 17(2):
460-9. PubMed PMID: 10080586. [PubMed: 10080586]

Bear HD, Anderson S, Smith RE, Geyer CE Jr. Mamounas EP, Fisher B, et al. Sequential
preoperative or postoperative docetaxel added to preoperative doxorubicin plus cyclophosphamide
for operable breast cancer:National Surgical Adjuvant Breast and Bowel Project Protocol B-27.
Journal of Clinical Oncology. May 1; 2006 24(13):2019-27. PubMed PMID: 16606972. [PubMed:
16606972]

van der Hage JA, van de Velde CJ, Julien JP, Tubiana-Hulin M, Vandervelden C, Duchateau L.
Preoperative chemotherapy in primary operable breast cancer: results from the European
Organization for Research and Treatment of Cancer trial 10902. Journal of clinical oncology :
official journal of the American Society of Clinical Oncology. Nov 15; 2001 19(22):4224-37.
PubMed PMID: 11709566. [PubMed: 11709566]

Wolmark N, Wang J, Mamounas E, Bryant J, Fisher B. Preoperative chemotherapy in patients with
operable breast cancer: nine-year results from National Surgical Adjuvant Breast and Bowel
Project B-18. Journal of the National Cancer Institute Monographs. 2001; (30):96-102. PubMed
PMID: 11773300. [PubMed: 11773300]

Rastogi P, Anderson SJ, Bear HD, Geyer CE, Kahlenberg MS, Robidoux A, et al. Preoperative
chemotherapy: updates of National Surgical Adjuvant Breast and Bowel Project Protocols B-18
and B-27. Journal of Clinical Oncology. Feb 10; 2008 26(5):778-85. PubMed PMID: 18258986.
[PubMed: 18258986]

von Minckwitz G, Untch M, Blohmer JU, Costa SD, Eidtmann H, Fasching PA, et al. Definition
and impact of pathologic complete response on prognosis after neoadjuvant chemotherapy in
various intrinsic breast cancer subtypes. Journal of Clinical Oncology. May 20; 2012 30(15):1796—
804. PubMed PMID: 22508812. [PubMed: 22508812]

Esserman LJ, Berry DA, Demichele A, Carey L, Davis SE, Buxton M, et al. Pathologic Complete
Response Predicts Recurrence-Free Survival More Effectively by Cancer Subset: Results From the
I-SPY 1 TRIAL--CALGB 150007/150012, ACRIN 6657. Journal of Clinical Oncology. Sep 10;
2012 30(26):3242-9. PubMed PMID: 22649152. [PubMed: 22649152]

Untch M, Fasching PA, Konecny GE, Hasmuller S, Lebeau A, Kreienberg R, et al. Pathologic
complete response after neoadjuvant chemotherapy plus trastuzumab predicts favorable survival in
human epidermal growth factor receptor 2-overexpressing breast cancer: results from the
TECHNO trial of the AGO and GBG study groups. Journal of Clinical Oncology. Sep 1; 2011
29(25):3351-7. PubMed PMID: 21788566. [PubMed: 21788566]

Houssami N, Macaskill P, von Minckwitz G, Marinovich ML, Mamounas E. Meta-analysis of the
association of breast cancer subtype and pathologic complete response to neoadjuvant
chemotherapy. Eur J Cancer. Dec; 2012 48(18):3342-54. PubMed PMID: 22766518. [PubMed:
22766518]

Prowell T. Draft Guidance for Industry. Pathologic Complete Response in Neoadjuvant Treatment
of High-Risk Early-Stage Breast Cancer: Use as an Endpoint to Support Accelerated Approval.
2012 http://lwwwfdagov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/
Guidances/UCM305501pdf.

Cortazar P, Zhang L, Untch M, Mehta K, Costantino J, Wolmark N, et al. Meta-analysis Results
from the Collaborative Trials in Neoadjuvant Breast Cancer (CTNeoBC). Cancer Research. 2012;
72(24) Supplement 3.

Bear HD, Tang G, Rastogi P, Geyer CE Jr. Robidoux A, Atkins JN, et al. Bevacizumab added to
neoadjuvant chemotherapy for breast cancer. The New England Journal of Medicine. Jan 26; 2012

Lancet Oncol. Author manuscript; available in PMC 2016 February 01.


http://wwwfdagov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM305501pdf
http://wwwfdagov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM305501pdf

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hellmann et al.

70.

71.

72.

73.

74.

75.

Page 16

366(4):310-20. PubMed PMID: 22276821. Pubmed Central PMCID: 3401076. [PubMed:
22276821]

von Minckwitz G, Eidtmann H, Rezai M, Fasching PA, Tesch H, Eggemann H, et al. Neoadjuvant
chemotherapy and bevacizumab for HER2-negative breast cancer. The New England Journal of
Medicine. Jan 26; 2012 366(4):299-309. PubMed PMID: 22276820. [PubMed: 22276820]

Bear HD, Anderson S, Brown A, Smith R, Mamounas EP, Fisher B, et al. The effect on tumor
response of adding sequential preoperative docetaxel to preoperative doxorubicin and
cyclophosphamide: preliminary results from National Surgical Adjuvant Breast and Bowel Project
Protocol B-27. Journal of Clinical Oncology. Nov 15; 2003 21(22):4165-74. PubMed PMID:
14559892. [PubMed: 14559892]

Buzdar AU, Ibrahim NK, Francis D, Booser DJ, Thomas ES, Theriault RL, et al. Significantly
higher pathologic complete remission rate after neoadjuvant therapy with trastuzumab, paclitaxel,
and epirubicin chemotherapy: results of a randomized trial in human epidermal growth factor
receptor 2-positive operable breast cancer. Journal of Clinical Oncology. Jun 1; 2005 23(16):
3676-85. PubMed PMID: 15738535. [PubMed: 15738535]

Buzdar AU, Valero V, Ibrahim NK, Francis D, Broglio KR, Theriault RL, et al. Neoadjuvant
therapy with paclitaxel followed by 5-fluorouracil, epirubicin, and cyclophosphamide
chemotherapy and concurrent trastuzumab in human epidermal growth factor receptor 2-positive
operable breast cancer: an update of the initial randomized study population and data of additional
patients treated with the same regimen. Clinical Cancer Research. Jan 1; 2007 13(1):228-33.
PubMed PMID: 17200359. [PubMed: 17200359]

Ciani O, Buyse M, Garside R, Pavey T, Stein K, Sterne JA, et al. Comparison of treatment effect
sizes associated with surrogate and final patient relevant outcomes in randomised controlled trials:
meta-epidemiological study. BMJ. 2013; 346:f457. PubMed PMID: 23360719. [PubMed:
23360719]

Gianni L, Eiermann W, Semiglazov V, Manikhas A, Lluch A, Tjulandin S, et al. Neoadjuvant
chemotherapy with trastuzumab followed by adjuvant trastuzumab versus neoadjuvant
chemotherapy alone, in patients with HER2-positive locally advanced breast cancer (the NOAH
trial): a randomised controlled superiority trial with a parallel HER2-negative cohort. Lancet. Jan
30; 2010 375(9712):377-84. PubMed PMID: 20113825. [PubMed: 20113825]

Lancet Oncol. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Hellmann et al.

Page 17

Search Strategy and Selection Criteria

Data for this review were identified via searches of PubMed using the search terms
“pathologic response,” “nodal response,” “neoadjuvant,” “induction,” “preoperative,”
“chemotherapy,” “lung cancer,” and “non-small cell lung cancer.” References from
relevant articles were identified and incorporated. Abstracts and reports from meetings
were included only when they related directly to previously published work or important
unpublished work. Articles published in English up to March 1, 2013 were included.
Studies of exclusively stage 111B or IV NSCLCs were excluded.
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% Viable tumor cells & % Necrosis * % Stromal tissue~ % inflammatory cells%

Figure 1.
Methods for assessment of % viable residual tumor

Lancet Oncol. Author manuscript; available in PMC 2016 February 01.

Page 18



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Hellmann et al.

Length of time from commencement of enrollment until publication for clinical trials of perioperative

treatments for NSCLCs

Table 1

Trial Disease Setting Outcome measured | Time from enroliment
to publication of data
IALT(1) NSCLCs | Adjuvant therapy Overall Survival 9 years
JRB.10(6) NSCLCs | Adjuvant therapy Overall Survival 11 years
ANITA(2) NSCLCs | Adjuvant therapy Overall Survival 12 years
CALGB 9633(7) | NSCLCs | Adjuvant therapy Overall Survival 12 years
LU22(8) NSCLCs | Neoadjuvant therapy | Overall Survival 10 years (closed early)
SWOG9900(9) NSCLCs | Neoadjuvant therapy | Overall Survival 11 years (closed early)
NATCH(10) NSCLCs | Neoadjuvant versus Overall Survival 10 years
adjuvant therapy
GLCCG(11) NSCLCs | Neoadjuvant Overall Survival 13 years
chemotherapy versus
CRT
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Table 2

Page 20

Impact of the use of neoadjuvant therapy paired with pathologic surrogates on the expedience of clinical trials

in breast cancer

Trial Disease | Setting Outcome measured | Time from enrollment
to publication of data
NSABP B18(56) Breast Neoadjuvant versus Overall Survival 10 years
cancers | adjuvant therapy
NSABP B-27 (59, | Breast Neoadjuvant therapy Overall Survival 11 years
71) cancers -
Pathologic complete | 8 years
response
Buzdar et al (72, HER2+ | Neoadjuvant trastuzumab | Overall Survival 6 years
73) breast
cancers Pathologic complete | 4 years
response
NSABP B-40 (69) | Breast Neoadjuvant Pathologic complete | 5 years
cancers | bevacizumab response
GBG44 (70) Breast Neoadjuvant Pathologic complete | 5 years
cancers | bevacizumab response
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Table 3

Optimal qualities of pathologic surrogates for survival following neoadjuvant therapy

Optimal qualities of pathologic surrogates for survival following neoadjuvant therapy

1) Valid: Improvement in the surrogate outcome should correlate with improvement in overall survival,
including in specific histiologic and molecular subgroups.

2) Reflective: Surrogate outcome should reflect the biologic impact of treatment as well as the magnitude of
the effect of the treatment on survival.

3) Moderate frequency: Surrogate outcome should be sufficiently frequent to permit statistically relevant
assessments using reasonable sample sizes, but sufficiently infrequent enough that improvement is
attainable.

4)  Defined: Surrogate outcome should have an unequivocal definition.

5) Feasible: Surrogate outcome should be easily and feasibly assessable with universally acceptable methods.

6) Reproducible: Surrogate outcome should be reproducible with minimal inter-observer variability.
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Table 4
Proposals
Proposals
1) “Major pathologic response” (MPR), defined as =10% residual tumor following neoadjuvant therapy,

should be adopted as an outcome measurement in NSCLCs.

2)  Methods for assessing the degree of pathologic response should adhere to those described by Pataer et al..

3)  Future neoadjuvant clinical trials integrating prospective assessment of pathologic response should be
prioritized for resectable NSCLCs.

4)  MPR may ultimately be an acceptable endpoint for accelerated regulatory approval, but trials should still be

designed to evaluate overall survival in order to validate the initial findings and comprehensively assess the
impact of toxicity.
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