Cancer Management and Research

Dove

ORIGINAL RESEARCH

Depth of Response and Early Tumor Shrinkage for
Predicting Clinical Outcomes in HER2-Positive
Metastatic Breast Cancer Treated with Trastuzumab

Yi-Qun Che®'
Yue Zhang®'
Kai-Ping Ou?
Di Wang®?

Di Shen®'
Hui-Ying Liu*
Yang Luo(®?

'Department of Clinical Laboratory,
National Cancer Center/National Clinical
Research Center for Cancer/Cancer
Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College,
Beijing 100021, People’s Republic of China;
2Department of Medical Oncology, Beijing
Chaoyang District Sanhuan Cancer
Hospital, Beijing 100122, People’s Republic
of China; 3State Key Laboratory of
Molecular Oncology, National Cancer
Center/National Clinical Research Center
for Cancer/Cancer Hospital, Chinese
Academy of Medical Sciences and Peking
Union Medical College, Beijing 100021,
People’s Republic of China; *“Department of
Clinical Laboratory, Jinzhou Central
Hospital, Jinzhou 121000, Liaoning
Province, People’s Republic of China;
Department of Medical Oncology,
National Cancer Center/National Clinical
Research Center for Cancer/Cancer
Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College,
Beijing 100021, People’s Republic of China

Correspondence: Yang Luo
Department of Medical Oncology,
National Cancer Center/National Clinical
Research Center for Cancer/Cancer
Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical
College. No.|7 Panjiayuan Nanli,
Chaoyang District, Beijing 100021,
People’s Republic of China

Tel/Fax + 86-10-87788820

Email luoyang@cicams.ac.cn

This article was published in the following Dove Press journal:
Cancer Management and Research

Background: To evaluate whether the depth of response (DepRe) and early tumor shrinkage
(ETS) are predictive factors of clinical outcomes in HER2-positive metastatic breast cancer
(mBC) patients treated with trastuzumab.

Methods: We performed a retrospective study of 100 HER2-positive mBC patients who
received trastuzumab combined with chemotherapy as first-line treatment. ETS and DepRe
were calculated. We employed Youden’s index to determine the optimal cutoff value of ETS
and DepRe for predicting progression-free survival (PFS) and overall survival (OS). We used
Kaplan—Meier analysis, Log-rank tests, and Cox proportional hazards regression models to
evaluate the impacts of ETS and DepRe on clinical outcomes.

Results: The optimal cutoff values were 30% for ETS and 40% for DepRe; ETS and DepRe
were observed in 51.0% (51/100) and in 56.0% (56/100) of patients, respectively. Both
ETS>30% and DepRe>40% were significant tumor-size metrics for predicting PFS (ETS:
median 1.43 vs 0.69 years, hazard ratio [HR] = 0.384; 95% confidence interval [CI]: 0.245 to
0.601; P=0.000030; DepRe: median 1.43 vs 0.59 years, HR = 0.390; 95% CI: 0.250 to 0.609;
P=0.0000034), but only DepRe>40% was a significant predictor for OS (median 4.02 vs 3.07
years, HR = 0.484; 95% CI: 0.255 to 0.919; P = 0.027). Multivariate analyses also identified
DepRe as an independent prognostic factor for PFS (HR = 0.52; 95% CI: 0.29 to 0.93; P =
0.028) and OS (HR=0.37; 95% CI:0.15 to 0.90; P = 0.029).

Conclusion: ETS>30% and DepRe>40% were significant predictors of better clinical out-
comes in mBC patients treated with first-line trastuzumab-based chemotherapy. Further
validation in prospective trials with larger patient populations is needed.

Keywords: depth of response, early tumor shrinkage, metastatic breast cancer, trastuzumab,

survival

Introduction

Breast cancer — the major cause of cancer death in females — remains a significant global
health problem. An estimated 268.6 thousand new cases and 41.8 thousand deaths are
predicted to occur in the United States alone in 2019." The human epidermal growth
factor receptor 2 (HER2) is overexpressed in approximately 20% of breast cancers, and is
specifically associated with more aggressive tumor behavior and poor prognosis.”
Currently, pertuzumab- and trastuzumab-based first-line treatments represent the stan-
dard approach for HER2-positive metastatic breast cancer (mBC) patients.® In fact, in
China, trastuzumab-based regimens are still widely used as the standard approach in first-
line treatment because of economic factors. Treatment with trastuzumab has dramatically
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improved the prognosis of HER2-positive breast cancer
patients in adjuvant setting and advanced stage.*> However,
not every individual in this subgroup benefits to the same
extent. Indeed, approximately 50% of patients do not exhibit
an objective response with trastuzumab plus chemotherapy,
and the majority of patients whose breast cancer initially
respond to treatment eventually experience progression
towards metastasis.® Clinically applicable surrogate markers
for survival have not been properly evaluated in HER2-
positive mBC patients treated with trastuzumab.

It has long been recognized that patients with responding
tumors have a better outcome than those with no response;
patients with continued tumor growth have worse outcomes.
In the absence of molecular predictors of response, early on-
treatment changes have been investigated to identify those
patients who benefit from continued therapy and can serve as
decision-making tools for clinicians. Tumor response, as
defined by Response Evaluation Criteria in Solid Tumors
(RECIST), is a widely recognized endpoint in both clinical
trials and in daily clinical routine. However, RECIST does
not consider depth, timing, or duration of response.
Achieving early and sustained tumor shrinkage is a vital
treatment goal in patients with mBC. Two other shrinkage-
related endpoints, depth of response (DepRe) and, early
tumor shrinkage (ETS) could provide essential information
in addition to that provided by RECIST.”!! DepRe quantifies
the maximum tumor shrinkage achieved during treatment,
whereas, ETS can provide an early assessment of sensitivity
to treatment. DepRe and ETS are reported as hallmarks of
cetuximab or bevacizumab activity, featuring maximal and
rapid effects on tumor size leading to favorable long-term
progression-free survival (PFS) and overall survival (OS) in
various cancer types and regimens, mainly colorectal
cancer.'>'* Analysis of DepRe or ETS as predictive factors
in association with long-term outcomes has never been per-
formed for mBC, specifically within one treatment cohort.

The purpose of this study was to explore the values of
ETS and DepRe as predictive factors in mBC patients
treated with first-line trastuzumab-based chemotherapy.
We also defined discriminatory ETS and DepRe cutoff
values for dichotomizing patient populations to aid clinical
decision-making processes.

Methods

Patients
A single-institution retrospective analysis was performed at
the Cancer Hospital, Chinese Academy of Medical Sciences.

The inclusion criteria were as follows: 1) pathologically
confirmed BC and HER2-amplified according to a 3+ score
on immunohistochemistry, and/or had a HER2/CEP17 ratio of
>2.0 by fluorescence in situ hybridization; 2) clinically diag-
nosed metastasis; 3) trastuzumab combined chemotherapy
regimens as first-line treatment; 4) Karnofsky Performance
Score (KPS) greater than 70; 5) normal hepatic and renal
function; 6) complete follow-up data. The exclusion criteria
were as follows: 1) without trastuzumab maintenance treat-
ment; 2) concurrent malignancies. Between January 2011 and
December 2018, one hundred HER2-positive mBC patients
who meet the inclusion and exclusion criteria above were
included in this analysis. Chemotherapeutic regimens were
different and the selection of regimens were depended on the
patients’ physical status and discretion of the treating physi-
cian. The most commonly used chemotherapeutic agents were
docetaxel-based regimens (51.0%), paclitaxel-based regimens
(27.0%), vinorelbine-based regimens (17.0%), gemcitabine-
based regimens (4.0%), and capecitabine (1.0%). All patients
underwent diagnostic biopsy and/or surgery of a primary or
metastatic breast tumor before treatment. Previously validated
prognostic factors, including age, hormone receptor status,
liver metastasis or not, carcinoembryonic antigen (CEA),
absolute lymphocyte count (ALC), alkaline phosphatase
(ALP) and lactate dehydrogenase (LDH) levels, were
retrieved. All procedures performed in studies involving
human participants were in accordance with the ethical stan-
dards of the institutional and/or national research committee
and with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards. Our project has been
approved by the Ethics Committee of Cancer Hospital,
Chinese Academy of Medical Sciences. All patients provided
written informed consent. Clinical information of each patient
was obtained from medical records.

Assessments

Radiological tumor responses were performed by com-
puted tomography at 6-week intervals during the treatment
of chemotherapy, then 3-month intervals in the phase of
trastuzumab maintenance. RECIST version 1.1 was used
to classify tumor responses as: complete response (CR),
partial response (PR), stable disease (SD), and progressive
disease (PD). In accordance with RECIST 1.1, we consid-
ered the following criteria for the identification of target
lesions: all metastatic lesions must be measured with the
longest diameter >10 mm and lymph node metastases must
be at least 15 mm in the short axis; no more than 5
with

metastases were considered for each patient,
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a maximum of 2 per organ; the sum of the longest dia- Table | Baseline Characteristics
meters of the target lesions was used for comparison and Total ETS non-ETS | P
statistical analysis. ETS in this study was defined as the 2100 | nes) oo
relative change in the sum of the longest diameters of the
target lesions at week 6 compared to baseline. DepRe was nE o E o
calculated as the relative change in the sum of the longest Age, years
diameters of the target lesions at their smallest attained Median (range) 5027-77) | 51(32-73) | 4927-77) | 0.425
sizes compared to baseline. ETS or DepRe had positive Karmofsky performance
values for tumor reduction, negative values for tumor status
growth, and zero for no change. 100% 31| 310 [ 12| 235 | 19| 388 | 0.131
70-90% 69 | 69.0 | 39 | 765 | 30 | 612
Statistical Analysis Number of metastatic
PFS was calculated as the interval between the first trastuzu- ergans
[ 36 | 360 | 16 | 314 | 20 | 408 | 0.406
mab administration and the first documentation of disease > 64 | 640 | 35 | 686 | 29 | 5922
progression or death; OS was defined as the time from first
trastuzumab administration to death by any cause. Patients Loc.a"mion of merastasi
Liver 42| 420 | 21 [ 412 | 21 | 429 | 1.000
free from tumor progression or alive were censored. For Lung 38 | 380 | 14| 275 | 24 | 490 | 0.039
comparing categorical variables between two groups, the chi- Lymph nodes 63 | 630 | 38 | 745 | 25 | 51.0 | 0.022
squared test or Fisher’s exact test was applied. Survival HR
curves were constructed using the Kaplan—-Meier method Positive 41 | 410 | 16| 314 | 25 | 51.0 | 0.067
and compared by the Log-rank test. Youden’s index was Negative 59 | 590 | 35 | 686 | 24 | 490
used to establish the optimal threshold point at which to LDH
distinguish the patient population based on DepRe or ETS SULN 70 | 700 | 34 | 667 | 36 | 729 | 0517
in order to predict PFS or OS, Univariable and multivariable ULN 30 ]300 ] 171333113 ) 27
analyses were analyzed using Cox proportional hazards mul- ALP
tiple regression model. Statistical analyses were performed <ULN 90 | 900 | 46 | 902 | 44 | 898 | 1.000
using SPSS 22.0 and GraphPad PRISM 7.0 software. All S ol Il I s I s

statistical tests were two-sided, and were considered statisti-
cally significant with a P value less than 0.05.

Results

Patients

A total of 100 HER2-positive mBC patients who received
first-line trastuzumab-based treatment were included.
Patients received trastuzumab combined chemotherapy,
with a median follow-up duration of 1.94 years (interquar-
tile range, 1.17 to 3.32 years). Baseline characteristics of

the patients are represented in Table 1.

Identification of Cutoff Values

The clinical utility of continuous numerical variables often
involves dichotomization of the patient population into two
parts around a cutoff threshold which could accurately dis-
tinguish the long-term outcomes between groups. Receiver
Operating Characteristics (ROC) curve was used to generate
a testing the ETS or DepRe and Youden’s index were
calculated. In this analysis, optimal cutoff values of 24.5%

Abbreviations: ETS, early tumor shrinkage; HR, hormonal receptor; LDH, lactate
dehydrogenase; ULN, upper limit of normal; ALP, alkaline phosphatase.

(PFS) and 29.0% (OS) for ETS and 34.5% (PFS) and 42.0%
(OS) for DepRe were determined, respectively (Table 2).
Cutoff values of 30% for ETS and 40% for DepRe were
defined for further analyses. According to cutoff values,
patients were divided into subgroups for ETS (>30%: n =
51) or non-ETS (<30%: n = 49); DepRe (>40%: n = 56) or
non-DepRe (<40%: n = 44).

RECIST Best Response in Relation to ETS

versus Non-ETS

ETS was defined as a decrease in tumor size of >30% at the 6-
week time-point. Baseline characteristics were generally
similar between patients with ETS versus non-ETS.
However, the baseline incidence of lung metastasis was sig-
nificantly lower (27.5% vs 49.0%, P = 0.039) and lymph
nodes metastasis was significantly higher (74.5% vs 51.0%,
P=0.022) in ETS patients than in non-ETS patients (Table 1).

Cancer Management and Research 2020:12
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Table 2 Performance Indices of ETS and DepRe on Long-Term

Outcomes
PFS oS
ETS AUC 0.712 0.643
95% Cl 0.610-0.813 0.523-0.764
Youden’s Index 0.341 0.241
Cutoff value 24.5 29.0
DepRe AUC 0.732 0.699
95% Cl 0.635-0.830 0.553-0.846
Youden’s Index 0.375 0.373
Cutoff value 345 42.0

Abbreviations: ETS, early tumor shrinkage; DepRe, depth of response; PFS,
progression-free survival; OS, overall survival; AUC, area under curve; Cl, confi-
dence interval.

Patients with ETS>30% achieved a CR in 15.7% of cases and
a PR in 84.3% of cases, reflecting high sensitivity towards
trastuzumab-based treatment. Additionally, the non-ETS
cohort was subdivided into “minor shrinkage” (1-29%),
“tumor progression” (no change or any increase), and “new
metastatic lesions” in an attempt to distinguish non-ETS
patients further. In the cohort having “minor shrinkage,”
best overall response rates of 3.4% for CR (one patient) and
37.9% for PR (11 patients) were achieved. However, only half
of patients classified as having “tumor progression” reached
SD during further continuation of trastuzumab-based treat-
ment, and none of them kept SD for more than 6 months. As
expected, all patients who developed new metastatic lesions
resulted in having PD according to RECIST (Table 3).
Patients responding with “minor shrinkage” (n = 29) had
a median PFS of 1.09 years, while patients with “tumor
progression” (n = 17) progressed after 0.35 years. Patients
who developed “new metastatic lesions” during chemother-
apy (n = 3) had a PFS of only 0.11 years.

Impact of DepRe and ETS on Clinical

Outcomes
As shown in Table 4, PFS and OS were significantly prolonged
in patients with DepRe >40% (P = 0.0000018 for PFS; P =

0.024 for OS), but only PFS, not OS, was significantly longer
for patients in the >30% ETS group (P =0.000015 for PFS; P=
0.224 for OS). Kaplan—Meier curves for PFS and OS in rela-
tion to DepRe and ETS were also constructed and each was
categorized by their respective cutoff values (Figure 1). To
further validate the potential prognostic factors, the multivari-
ate Cox regression model was subsequently applied. Other
potential confounding prognostic factors (LDH and ALC) at
baseline were all taken into account, and it was found that both
LDH < upper limit of normal (ULN) (vs >ULN) and
DepRe>40% (vs.<40%) were significant predictors for both
PFS and OS (Table 5), independent of other factors.

Discussion

Selecting patients who are likely to benefit from targeted
anticancer agents is of paramount importance. The molecular
basis underpinning HER2 dependency of tumors is complex,
and it is unlikely that positive molecular predictors will soon
become available.>'> Early on-treatment changes of tumor
lesions may help identify particular patients in whom the
continuation of therapy is worthwhile. In a study of patients
with metastatic colorectal cancer (mCRC) treated with cetux-
imab and chemotherapy, De Roock first reported that
a decrease in tumor size by 10% at 6 weeks was associated
with improved PFS and OS, and could differentiate patients
with favorable outcomes within the KRAS wild-type
group.'® This approach can be extended to trastuzumab
because preclinical studies showed that biologic effects of
trastuzumab occur very quickly and are detectable after a few
days or weeks of therapy.!” From these data, we hypothe-
sized that a rapid and substantial decrease in tumor load is
a hallmark of HER2 dependency and consequently of trastu-
zumab sensitivity. The present cohort study demonstrates
that early assessment of tumor response to trastuzumab for
HER2-positive mBC predicts clinical outcome in terms of
PFS but not of OS. ETS assessment can accelerate response
evaluation and help clinical decision-making. Those patients
who achieve ETS are clearly sensitive to trastuzumab-based

Table 3 Achievement of Best Overall Response According to ETS and Non-ETS Patients

CR PR SD PD Total

n % n % n % n % n %
ETS 8 15.7 43 84.3 - - - 51 51.0
Minor shrinkage | 34 11 379 17 58.6 - - 29 29.0
Tumor progression - - 4 235 10 58.8 3 17.6 17 17.0
New metastatic lesions - - - - - - 3 100.0 3 3.0

Abbreviations: ETS, early tumor shrinkage; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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Table 4 Univariate Analysis for the Prognostic Factors of PFS and OS of Trastuzumab Therapy in HER2-Positive mBC (n = 94)

Factors PFS P (o 1 P
Median PFS (Years) 95% CI Median OS (Years) 95% CI

Age 0.962 0.88I
>35 1.096(0.857—1.334) 3.493(2.721-4.265)
<35 0.852(0.294-1.410) 3.351(2.3194.382)

Hormone receptor status 0.939 0817
Positive 1.967(0.745-1.189) 3.471(2.791-4.151)
Negative 1.107(0.769—1.444) 3.800(2.731-4.869)

Liver metastasis 0.524 0.761
Yes 1.038(0.775-1.302) 3.422(2.886-3.958)
No 1.096(0.747—1.445) 4.016(2.757-5.276)

ETS 0.000015 0.224
230% 1.427(1.017-1.838) 4.016(3.042—4.991)
<30% 0.688(0.455-0.921) 3.088(2.600-3.576)

DepRe 0.000018 0.024
240% 1.427(0.988-1.867) 4.016(2.029-6.004)
<40% 0.589(0.387-0.791) 3.068(1.748—4.389)

LDH at baseline 0.022 0.017
>ULN 0.858(0.537-1.178) 2.608(1.356-3.860)
<ULN 1.134(0.993-1.374) 3.803(2.9944.5611)

ALP at baseline 0.772 0.125
>ULN 1.038(0.830-1.246) 2.334(1.612-3.056)
<ULN 1.071(0.802—-1.341) 3.800(3.048—4.552)

CEA at baseline 0.566 0.209
>ULN 0.921(0.651-1.190) 3.101(2.075-4.128)
<ULN 1.096(0.724—1.468) 4.096(1.770-6.422)

ALC 0.295 0.036
>|G/L 1.096(0.865—1.327) 3.803(3.108—4.498)
<IG/L 0.710(0.473-0.946) 2.334(1.198-3.471)

Abbreviations: PFS, progression-free survival; OS, overall survival; ETS, early tumor shrinkage; DepRe, depth of response; LDH, lactate dehydrogenase; ULN, upper limit
of normal; ALP, alkaline phosphatase; CEA, carcinoembryonic antigen; ALC, absolute lymphocyte counts.

treatment and should proceed with unchanged therapy.
However, it is more difficult to draw conclusions for non-
ETS patients, since they form a heterogeneous subgroup,
where patients with minor shrinkage clearly benefit from
treatment, with nearly half of patients with “minor shrink-
age” achieving PR or CR at best response, and continuation
with trastuzumab also remains a feasible option. By contrast,
patients with early progression or development of new
lesions have an unfavorable prognosis. Although most of
the patients with tumor progression at 6 weeks achieved SD
according to RECIST. None of them showed SD for more
than 6 months, so the optimal treatment strategy remains less
clear and an early switch to potentially more effective treat-

ment could be an available choice.

DepRe, defined as the maximal tumor shrinkage
achieved, has been recently studied in mCRC patients
treated with cetuximab or bevacizumab.”'' In addition,
Lee and coworkers demonstrated that DepRe>45% was
associated with longer OS (median 23.5 vs 13.1 months,
HR = 0.441; 95% CI: 0.203 to 0.955; P = 0.038), but not
PFS (median 9.0 vs 6.3 months, HR = 0.608; 95% CI:
0.335 to 1.104; P = 0.102) in advanced gastric cancer
patients receiving trastuzumab-based first-line therapy.'®
We recognize that DepRe is a novel and effective measure-
ment of treatment outcome, which could better predict
patients who will survive longer. In the present study,
which evaluated the predictive value of DepRe in HER2-
positive mBC patients treated with trastuzumab-based

Cancer Management and Research 2020:12
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Figure | Kaplan-Meier curves for progression-free survival (A and C), and overall survival (B and D), in relation to early tumor shrinkage (cutoff 2 30%; A and B) and
depth of response (cutoff 2 40%; C and D). ETS early tumor shrinkage, DepRe depth of response.

therapy, we identified that the DepRe>40% was
a significant predictor for both PFS and OS. These results
support the notion of using DepRe as a surrogate marker
for outcomes and imply that responses to therapy might
not be adequately evaluated when performed by only using

RECIST; other tumor-size metrics such as ETS and DepRe

Table 5 Multivariate Analysis of PFS and OS (n = 100)

could categorize patients who will respond to therapy or
survive longer further. Other potential confounding factors
in predicting long-term outcomes include the absolute
tumor burden at baseline and host characteristics. When
adjusting for the available surrogate indicators of tumor

burden and host characteristics, including age, Karnofsky

Factors PFS oS
HR (95% CI) P HR (95% CI) P

LDH <ULN Ref Ref

>ULN 2.109(1.279-3.478) 0.003 2.318(1.183—4.542) 0.014
ALC >|G/L Ref Ref

<IG/L 1.715(0.755-3.894) 0.197 2.006(0.788-5.107) 0.144
ETS <30% Ref Ref

>30% 0.509(0.282-0.916) 0.024 0.573(0.431-2.333) 0.995
DepRe <40% Ref Ref

>40% 0.515(0.285-0.930) 0.028 0.367(0.149-0.903) 0.029

Abbreviations: PFS, progression-free survival; OS, overall survival; HR, hazard ratio; Cl, confidence interval; LDH, lactate dehydrogenase; ULN, upper limit of normal;
ALC, absolute lymphocyte count; ETS, early tumor shrinkage; DepRe, depth of response.
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performance status, ALC, liver limited disease, number of
involved disease sites, levels of LDH, ALP, and CEA,
LDH and DepRe were effective predictors in our models,
suggesting that tumor shrinkage could predict long-term
outcomes irrespective of tumor burden.

Although categorization decreases the predictive value of
a continuous scale (DepRe and ETS), dichotomization of
populations in relation to a specific value on a continuous
variable is often required for clinical decision-making. In
principle, the cutoff values mainly determined on the clinical
aims. By using Youden’s index, we observed the optimal
cutoff values to be 30% for ETS and 40% for DepRe. ETS
and DepRe can easily be obtained and makes it conveniently
application.

In conclusion, our study clearly established that DepRe
and ETS could be used as predictors of clinical outcomes
in mBC patients treated with trastuzumab-based regimens
in the first-line setting. We suggested a cutoff value of
DepRe>40% and ETS>30% to distinguish patients with
favorable clinical outcomes. Additionally, our study pro-
vided that non-ETS was a heterogeneous subgroup, that is,
patients with minor shrinkage could benefit from the con-
tinuation of treatment, while patients with early tumor
progression or development of new lesions could consider
alternative regimens.
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