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ARTICLE INFO ABSTRACT

Keywords: This review aims to evaluate the role of chemotherapy-containing regimens in the treatment of advanced breast
Advanced breast cancer cancer (ABC), with the purpose to optimize selection, sequencing and duration of treatment with the currently
Chem_o'fherapy available agents for clinical practice. Data from observational as well as randomized phase II and III studies were
Duration included. Chemotherapy yielded a median overall survival (OS) of 2 years in registration studies, with com-
;:lll-:lgzd parable efficacy of different agents. Combining chemotherapy agents did not yield OS improvement and caused

greater toxicity compared with single-agent chemotherapy. Continuing chemotherapy till progression or un-
acceptable toxicity generated greater efficacy without detrimental impact on quality of life compared with a
limited amount of cycles. In real-world studies, benefits after third-line chemotherapy were modest compared
with first- and second-line. Furthermore, effects of previous chemotherapy predicted effects of next-line therapy
in real-world. Physicians increasingly prescribed capecitabine or taxanes as first- or second-line chemotherapy

over time.

1. Introduction

Breast cancer is the most prevalent malignancy among women
worldwide, resulting in a significant global disease burden [1]. For-
tunately, the prognosis of early stages of this disease has improved
considerably due to improved screening and introduction of more ef-
fective systemic treatment options [2]. However, about 5-10% of pa-
tients with a new diagnose of breast cancer present with metastatic
disease [3]. Additionally, 20-30% of patients who initially present with
early breast cancer will acquire a metastatic relapse over time [4].

Whenever the disease reaches a metastatic stage, it remains largely
incurable with a median overall survival (OS) of 2-3 years depending on
the tumor subtype. Real-world data indicated that patients with tumors
with a hormone receptor (HR) and HER-2-neu receptor (HER2) positive
status have the most favorable prognosis, followed in descending order
by the HR + /HER2- subtype, the HR-/HER2+ subtype, and lastly the
triple-negative (TN) subtype [5]. Although in the past decennia nu-
merous new targeted therapies like CDK 4/6 inhibitors [6-8], PARP-
inhibitors [9,10], a PI3K inhibitor [11], immunotherapy [12], and

HER2-targeted therapies [13-15] have been implemented, the absolute
improvement in the prognosis of patients with advanced breast cancer
(ABC) was relatively small [16].

More and more we begin to understand that molecular character-
istics play a crucial role in the prognosis and optimal treatment of ABC.
The expectation for the future is that the indicated treatment will no
longer solely depend on the four tumor subtypes, but will be based on
the underlying genetic profile and signaling pathways, which can be
important targets for so-called precision medicine [17].

Considering the ample arsenal of available treatment options and
the growing knowledge on genomic profiles and signaling pathways,
the question rises whether chemotherapy still has a place in the treat-
ment of ABC or if future treatment will comprise of targeted therapies
such as CDK4/6 inhibitors combined with endocrine- or HER2-directed
therapies. However, as chemotherapy remains a competent treatment
option also in cases where targeted therapies are (no longer) effective,
and we only just begin to understand the genomic profiles that divide
the heterogeneous breast cancer population into clinically relevant
subgroups, the expectation is that for the near-future, chemotherapy
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will remain integrated as a backbone in the treatment of ABC. Thus,
optimization of chemotherapy use with the currently available agents is
vital. The goal is to use the most effective agents, without pursuing
treatment of the disease at the cost of quality of life or social activities.

This review aims to evaluate the role of chemotherapy-containing
regimens in the treatment of ABC, with the purpose to optimize selec-
tion, sequencing and duration of treatment with the currently available
agents for clinical practice.

2. Methods
2.1. Study design and selection criteria

This review was based on published full-text data of observational
as well as randomized phase II and III studies that included patients
receiving chemotherapy for ABC. The aim was to assess which evidence
the FDA/EMA used to approve modern chemotherapy regimens, if we
should use single-agent or a combination of multiple cytostatic agents,
how long chemotherapy should be continued, how many lines of che-
motherapy are actually given in clinical practice, what outcomes can be
expected of these lines and which sequence of agents is used, and what
the effects are of the addition of targeted therapy to a chemotherapy
backbone versus chemotherapy alone.

Studies on the following topics were included: 1) studies underlying
FDA and/or EMA-approval of chemotherapy-containing regimens for
advanced breast cancer between January 1994 and December 2019, 2)
randomized controlled trials (RCTs) investigating single-agent vs.
multiple-agent chemotherapy, 3) studies investigating durations of
chemotherapy-containing regimens, 4) studies investigating the total
number of chemotherapy-containing treatment lines, 5) studies in-
vestigating outcomes of specific chemotherapy-containing treatment
line(s), 6) studies investigating the use of chemotherapy-agents over
different treatment lines, 7) RCTs investigating chemotherapy in com-
bination with targeted therapy vs. chemotherapy alone (single- or
multiple agents). There were no exclusions based on the agents used,
the number of participants, the use of concomitant endocrine or tar-
geted therapies, or the timing of randomization. Studies reporting one
or more of the following outcome measures were included: 1) Overall
response rate (ORR), 2) Progression-free survival (PFS) or time to
progression (TTP), 3) Overall survival (OS), 4) Quality of life (QoL), or
5) Treatment duration or time to treatment failure (TTF). Outcomes
were collected as reported in the included studies.

2.2. Search methods

Studies were identified by electronically searching PubMed and the
Cochrane Library. Details of these searches can be found in the online
Appendix A. Additionally, reference lists of included studies were
checked for additional studies.

2.3. Data collection and statistical analysis

Two reviewers (A.C. and K.1.) screened titles and abstracts of the
items yielded by the search for eligibility. Full text was obtained when
articles seemed fit. Neither of the reviewers was blinded to the journal
titles or study authors. Data was extracted by the two reviewers, which
included the primary author, year of publication, study design, patient
characteristics, number of evaluated patients, and primary and sec-
ondary endpoints. Based on previous reports we expected the studies to
be insufficiently homogeneous in terms of design and outcome para-
meters to conduct a meta-analysis. Thus, we aimed to provide a nar-
rative, qualitative synthesis with information presented in text, figures,
and tables to summarize the characteristics and outcomes of the in-
cluded studies.
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3. Results
3.1. Chemotherapy regimens approved in 1994 - 2019

Of the 22 chemotherapy-including regimens for ABC approved by
the FDA and/or EMA, five [18-22] were based on results from trials
investigating the approved drug without comparison to other agents
(Supplementary Table 1). In the comparative trials underlying the 17
remaining authorizations, the approved regimens yielded superior PFS
or TTP in 15 trials, [12-14,23-35], with an improvement in medians
ranging from 1.2 [26] up to 6.3 months [13] in favour of the ‘new’
regimen. Superior OS, ranging from an increase in medians of 2.2 [24]
up to 8.5 months [32], was found for the approved regimen in 10 trials
[12-14,23-25,27,28,31,32], compared with the control treatments
(Supplementary Table 1). Nine trials also reported QoL outcomes, with
four trials using the European Organization for Research and Treatment
of Cancer Quality of Life Questionnaire (EORTC QLQ-C30)
[23,24,26,27], four trials using the Functional Assessment of Cancer
Therapy - Breast Cancer (FACT-B) questionnaire [14,29,35,36], and one
trial using other methods [37]. All of them found the approved regi-
mens to generate comparable [23,24,26,27,29,35,36] or better overall
/ global QoL [14,37] (data not shown). No new cytotoxic agent has
been approved since the registration of eribulin mesylate in 2010.

3.2. Single agent chemotherapy vs. combination chemotherapy

Based on PFS and/or OS results of registration studies, it seems
outcomes of combination chemotherapy might be beneficial to single-
agent chemotherapy within the approval studies (Supplementary
Table 1). Single-agent chemotherapy yielded a median PFS or TTP in
the range of 3.1-6.9 months, and median OS in the range of 8.6-21.0
months in the eight reported trials [18-21,23-25,38]. Outcomes were
relatively favorable for the study that was done in first-line [38].
Doublet chemotherapy resulted in a median PFS or TTP in the range of
5.1-8.6 and median OS in the range of 14.5-20.4 months in six trials
[26-30,39]. The ORRs were in the range of 12-75% for single-agent
chemotherapy, and 41-65% for doublet chemotherapy.

Other RCTs reporting on ORR showed increased rates for combi-
nation chemotherapy compared with single-agent chemotherapy, al-
though these benefits were statistically significant in only 6 out 22 trials
(Supplementary Table 2). Two meta-analyses also indicated a sig-
nificant improvement in ORR for combination chemotherapy in pooled
analyses (RR 1.29; 95%CI 1.14-1.45 and RR 1.32; 95%CI 1.06-1.65)
(Supplementary Table 3). Similar results were observed for PFS, for
which individual trials showed inconsistent results (Supplementary
Table 2) and 4 out of 5 systematic reviews reported an improved pooled
PFS for combination chemotherapy compared with single-agent che-
motherapy [40-43]. For OS, improvements were of little clinical re-
levance and were not significant in all but three [27,44,45] of the in-
dividual clinical trials, although in pooled analyses this improvement
was statistically significant in 3 meta-analyses [40,41,46]. Lastly, the
majority of the individual clinical trials (15 out of 22) [28,45,47-58]
and all reviews found significantly more toxicity with combination
chemotherapy, especially more hematological and gastro-intestinal
toxic effects.

The 4™ ESO-ESMO international consensus guideline for advanced
breast cancer (ABC4) recommends the use of single-agent che-
motherapy [59]. Combination chemotherapy is advised to be reserved
for patients with high tumor burden where rapid disease control is
needed [59]. Concordantly, observational studies showed that in clin-
ical practice single-agent-regiments were employed more common than
combination regimens, especially as first-line chemotherapy [60-62].

3.3. Duration of chemotherapy: clinical trials and clinical practice

Over the years the optimal duration of chemotherapy for the



Critical Reviews in Oncology / Hematology 153 (2020) 102988

A.K.M. Claessens, et al.

duiqeiaded = ¥ oprureydsoydodAd snid upiqnards snid aunsuouIA = DA
‘oprureydsoydoo4d snid uiqnioxop snid aunsLdUIA = DYA ‘uIqnioxop rewosody] paje[A8ad = @14 ‘Puiqerpweasd snid [axelred = Hd ‘exered = 4 ‘uwiqnioxop fewosodr] paje[ddad-uou = qdu ‘uprwolfw snid
91exanoyaw snid sauonuexoliwr = NN Puonuezoliwr = |y ‘eprureydsoydod£d snid uniqnaids snid [oeinoiony = DA4 eprureydsoydo(dAd snid uwiquioxop snid [oeinoionyy = Dy4 ¢ ‘oprureydsoydr + uniqniids = 19
upiqniide = § ‘ouoralsawdxonyj snid udjixoure) snid sunsuouia snid upiqnioxop snid [olRMpowoIqIp = AV {[oXe1d0p = g {[emnoionfj snid sjexanoyow snid sprureydsoydosd = JND ou0I9ISIWAXON])
snid aunsejquia snid upiqnioxop snid edayiory) PIm Suneussle 4vD = HILAVL e 4vD e AvD ‘suotaisawhxoyj snid usjixowrel snid JvD = HIAVD {einoionfy snid uniqnioxop snid aprureydsoydo[dfd = gy
‘qewnzeadg = Adg ‘oprureydsoydo[oAd snid umwIqnIoxop = Dy UPIqnIoxop =y Quedyrudis jou = ‘s'u pajiodar jou = ‘1u 9 Jo Aenb = Tod) {eAIAINS [[BISA0 = SO ([BAISIUI IDUSIPYUOD %G6 = [D%S6
‘oney piezeH = YH ‘uoissaidoid 0] swn = JLI ‘[eAIAINS 331)-uolssaidoid = ggd ‘eseasip aalssaidoid = g ‘Aderspourayd = [ :SUONLIAGIQQY °SAd JO suoniuysp Iay) AJioads jou pIp saIpmis IoylQ ‘SisA[eue
91exedos ur pasn a1am Sgd 10J suonIuyap yloq e 19 ssnjA Aq Apnis 9yl U ‘Suassae[) Aq Apnis o) Ul (, SLI9ISe pue Aq paylew) ULle Jusunean ,1Ioys,, 9yl ur AdeIayl Jo UOIONPOIIUIAI I9)Je JseasIp Jo uolssardoid feuy ayy
PpUE UOTIBZIWOPURI Ud9M13q PoLIad J1) se pauyap sem Sid "eq[y pue ‘Lreuuss “red ‘A103019 ‘1aydag ‘dnoin Apmis uiqniidy youaig a3 ‘so1eo) Aq s91pnis 9y} Ul aseasIp Jo uorssaidoid IsIy pue UONBZIWOPURI U9IMID]
potad oy se pauygep sem Sid [£9] ‘T 10 Leuuan £q SIsATeue-e1auwl 9y} UI PIPN[OUL JOU 219M [G/] Te 39 Suassae[D ‘[£9] e 10 Ied ‘[99] 'Te 19 19ydag Aq S9Ipnis “Juedyrusis A[[esnsne)s aIe sanfea-q Io/pue s, MH oyvn A1LON

9X ('1d £q PaMO[[0] "SA UOTIEAISSQO

‘Iu (TL1-6L0)CT'T 84T SA0TT (95°228°1) S8'T ¥'8 'SA T'S Iu TI'sA 9 4q pamol[oj gx @ 4q PamOI[0} €X V 8L SA LL umwds [0£] 010 ‘®qIV
8x d Aq pamorjoy A1y
Tu S0=4d 8T 'SA 6T L180=d 08’54 0'6 ru TL'SAQ  'SA UONEAISSQO Aq PIMO[O) 8-9X dV/H 601 "sA 90T [69] 9007 ‘1TeuudD
ad

[mun JIND AQ PIMO[[O] 'SA UOTIBAISSGO
£q pamof[o§ (HJAVSL e AVD /1AVD

Tu vL0=d Z'TE 'SA L'8T 1000 > d 0'8T 'SA 8L ru ru /4VD /HLAVQ) ‘oW 9= 3ulurejuod-y 89 SA €L vsSn [v.L] 8661 ‘Uosy[ed
«¥'6 (141 10 ZIX Xew) JND Aq pamo[[oy
ru 890=d T'I1C sA9'6T  xIv'0=d [000 > d SAL9YV6 SATE S9X  syjuoul 18 'SA '€ "SA UONERAIISO AQ PIMO[[O] 9X DV ILSA VL vSn [94] 1661 ‘SsniA
uwp 3uo] w1 Adv.aayy Juaaffip ‘uLm 140ys fo uona]dwiod 1o3fb UONDZILOPUDY
Tefruuts (8€°C-10°D) ¥S'T €'CE 'SA G'€T (18'1-60°1) LE'T G'L'SA8'E ON L 'sA9 ad 1hun ‘sa 9x Hd 9TT 'sA STT D210 [TT1°£9] €10T “Ted
Tefruuis y90=d TP SASYL I10'0=d TS 'SAGE SoX ru dd [Bun 'sa 9xX JND 96 'SA 00T upado.ng [€£] €00T ‘(100N
ru €0=d 0°€T 'sA §'0L [00=d 0T'sA L ON 0T 'sA 9 C1 X 'SA 9X IWINIAL 10 DVA 10 DIA 8t 'SA TS N [89] L661 ‘A10321D
asiom SuoT SU =g G'€T SATET 100>d 'S 'SA T'E S9K Iu 91-41 X "SA 8-9X I €9 'sA 09  Aupuwpn [99] 9661 ‘ToYdRg
ru To<d €11 'sA0CL To<d 1'S 'sA 09 SoX LSA Y ad [pun ‘sa pX N TT 'SA 1T N (2] 0661 ‘streH
uLp Suo] w1 Adv.aayy awps ‘UL 140ys fo uona)dod 4a1fp uonvZIUOPUDY
ad pun SpUD YN
Te[ruurs (16’1 -00'T) 8€'T 6°0C 'sA §°LL % (LS'1-88°0) LT'T  +L'6 SAY'L S3X 8 'SA §  Adg Aq PamO[[0J IOq § X 'SA pX Adg + 01T 'sA 01T [S£] 810€ ‘suassae[D
20up.g [$9] 000Z ‘dnoro
Tu Lr0=d $'81 'sA €91 1000 > d 96 SAT9 S9K '8 SA L€ CLI0 IT X SA $X DHA €LT 'SA 6C1 Apmg unIquidy yousId
Youmaq
Tru £00=d €C 'SA 8T 1000 > d O¥I'SA00L SoK ru YT X 'SA 8X DHA LST 'SA 191 [1£] €661 ‘udsimlly
puppaz
-MaN @ DIDASNY [L/]
Iopaq 3uoT] (6£°'1-01°'D) 0F'L L0 'sAv'6 61+ +8'T 09 'sA 0 SoK ru dd [Bun 'sa gX JND 10 DV PST 'sA 1ST 8861 /[19] L86T ‘sa180D

up uo] u1 Adv.aory aws ‘Kdpayrowayd aun-1s4y fo 14pIs ID UOIDZNUOPUDY

anfea (-our) anfea 3uof 'sA 110ys
-d 10 (ID %S6) YH Buoy *sA 110Ys -4 10 (ID %S6) YH Suo[  (‘our) Suof sA 110ys ad e uire 1oys :S3[0AD PaATedaI 3uoy
100 3uof 'sa 110ys SO SO UBIPIAL *SA MOUS dLL / Sdd  dLL 10 S:dd UeIpajy ur UoNINPONUI-IY JO “IU UBIPIA 8uoT 'sa J0ys  ‘sA 0ys = N Apms

*I9DUED 1SBAIq PaduRApE 10j AdeIayjowayd Jur-1sIy JO suonemp I93U0[ SNSISA J9)IOYS UO S[ELT) PIZIUIOpuRY
1 9IqeL



A.K.M. Claessens, et al.

treatment of ABC has been discussed extensively. Especially when dis-
ease control is achieved without significant toxicity, consensus is
lacking in clinical practice. Generally, there are two approaches; either
patients are treated with a pre-specified number of cycles followed by a
chemotherapy-free period, or chemotherapy is continued until pro-
gression of disease during treatment or unacceptable toxicity occurs.

RCTs on pre-specified durations versus continued chemotherapy for
ABC are summarized in Table 1. All studies evaluated first-line che-
motherapy, but with different moments of randomization and different
types of continued therapy. The median number of cycles ranged from
4-6 in the ‘short’ versus 8-12 in ‘long’ treatment arms respectively. Ten
trials reported in Table 1 were also included in a meta-analysis pub-
lished by Gennari et al. in 2011, which indicated a substantially pro-
longed PFS for continued chemotherapy compared with pre-specified
shorter durations in the pooled analyses [63]. Of note, heterogeneity in
definitions of PFS makes it hard to draw solid conclusions. Seven stu-
dies evaluated PFS as the interval between randomization and the first
occurrence of progression of disease [64-70]. Other studies either did
not specify how PFS was defined [71-74], or evaluated the period from
randomization until progression of disease including a possible re-
introduction of chemotherapy in the ‘short’ treatment arm [75].

Overall, 10 out of 13 individual trials indicated a relevant and sig-
nificant improvement in PFS with longer durations of chemotherapy
[64-68,70,71,73,74,76]. Muss et al evaluated both definitions of PFS
and found results were only statistically significantly better for the long
arm when looking at the first occurrence of disease progression, not
including PFS duration of re-introduction of chemotherapy in the ‘short’
treatment arm [76].

Regarding OS, 3 individual trials reported a significant benefit with
longer compared with shorter durations of first-line chemotherapy
[67,71,77]. In the previously mentioned meta-analysis the pooled
median OS gain of 3 months was statistically significant (HR 0.91;
95%CI 0.84-0.99) [63]. However, most of the trials included in this
pooled analysis comprised outdated treatment agents, with only three
trials investigating taxane-containing treatments, with inconclusive
results [69,70,78]. As taxanes are suggested for first-line chemotherapy
by the current ESO-ESMO ABC4 guideline [59], the question remains if
these recommendations are also applicable for these agents which are
frequently used in clinical practice. A more recent trial by Park et al.
showed that with a median duration of 12 versus 6 cycles of paclitaxel
plus gemcitabine, median OS was prolonged with 8.7 months (HR 0.65;
95%CI 0.42-0.99) [67]. The Stop&Go trial randomized patients to an
intermittent treatment strategy of 4 cycles of paclitaxel plus bev-
acizumab which were repeated at progression of disease, or to 8 suc-
cessive cycles. [75]. When compared with 4 repeated cycles, 8 con-
secutive cycles resulted in a median OS gain of 3.4 months (HR 0.72;
95%CI 0.52-1.00).

Interestingly, although it is commonly thought that longer durations
of chemotherapy might have a detrimental effect on QoL, Table 1 in-
dicates that only one trial found a significant adverse impact of longer
durations of chemotherapy [66].

Median chemotherapy durations observed in clinical practice were
more comparable to the ‘short’ chemotherapy arms (<6 months) than
to the ‘long’ chemotherapy arms (=7 months) (Fig. 1, Supplementary
Table 4). Factors associated with significantly shorter median treatment
durations in the listed observational studies were low performance
status [79,80], lower hemoglobin at the start of treatment [79], mul-
tiple localizations of metastases [80]. and triple-negative (TN) tumors
[81].

Furthermore, the median duration of chemotherapy decreased from
first- to second- to third-line chemotherapy (Fig. 1). Three studies in-
vestigated the median line-specific treatment duration according to the
type of regimen used, which indicated a large variation in treatment
durations, especially for anthracyclines and taxanes.

The 2018 ASCO clinical practice guideline update on systemic
therapy for patients with advanced HER2-positive breast cancer
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recommends to continue chemotherapy for 4-6 months or longer when
combined with HER2-targeted therapy [82]. When given as separate
treatment entity in HER2-negative disease, the ESO-ESMO ABC4
guideline recommends to continue chemotherapy as long as possible,
where toxicity should be closely monitored and decisions on con-
tinuation should be made in agreement with the patient [59].

3.4. Multiple chemotherapy lines in clinical practice: number of lines,
outcomes, and sequence of agents used

The majority of patients with ABC receive multiple lines of treat-
ment over the course of their disease. Deciding whether or not to
continue with a next-line of chemotherapy at disease progression can be
challenging in clinical practice and is for obvious reasons not tested in
RCTs.

In the identified observational studies, the applied follow-up period
and the definitions of a new line of treatment, ORR and/or PFS varied
considerably or were not described, complicating interpretation and
comparison between studies. Despite this heterogeneity in definitions,
results were quite similar (Table 2). The reported median number of
chemotherapy lines varied from 1 to 3, with a large variation in range
for all studies, up to 11 lines of chemotherapy. In the 3 studies speci-
fically evaluating tumor subtypes [60,81,104], patients with HER2+
disease were treated with slightly more chemotherapy lines (medians 2
and 4), followed by the TN-subtype (medians 2 and 3). Patients with HR
+/HER2- disease were treated with the least chemotherapy lines
(medians 1, 1 and 3). The ESO-ESMO-ABC4 guideline does not specify
any optimal number of regimens, but recommends to tailor the number
of regimens to the individual patient [59].

In the 18 observational studies reporting on outcomes of specific
chemotherapy lines for ABC identified in our search, the ORR seems to
decline with each subsequent chemotherapy line (Fig. 2A), as do
median PFS or TTP (Fig. 2B) (Supplementary Table 5).

Interestingly, 6 studies found that patients with a response and/or
longer TTP or PFS of previous chemotherapy also had longer TTP or
PFS on next-line chemotherapy [89,91,94,95,98,99,104]. Additionally,
the median PFS of 11 months for second-line chemotherapy measured
in the study by Brun et al. [89] is long compared with the other studies
evaluating second-line chemotherapy (Fig. 2B). This might be explained
by the fact that this study only selected patients who had a complete or
partial response to first-line chemotherapy, supporting this notion of a
possible prognostic role for response to previous-line chemotherapy for
the length of next-line PFS.

The ESO-ESMO-ABC4 guideline does not include recommendations
on the possible role of response to previous chemotherapy lines as a
factor to take into account when prescribing a new line of che-
motherapy [59]. However, the ASCO top 5 list of recommendations for
practices that are not supported by high-level clinical evidence high-
lighted to not use cancer-directed therapies for patients with solid tu-
mors that (amongst other characteristics) did not benefit from prior
evidence-based interventions [105].

Another factor to take into account are the agents used. Possibly one
sequence of agents is more beneficial than another. Our aim was to
assess the sequence of agents applied in clinical practice, and if this
sequence has changed according to expansion in availability (see also
Supplementary Table 1). We therefore divided studies reporting on type
of chemotherapy used into two groups: those evaluating patients
treated up to 2004 and those evaluating patients treated from 2004
onwards (Fig. 3). Additionally, we classified the agents used according
to the groups used by the ESMO [59] into anthracyclines (i.e. con-
taining doxorubicin, epirubicin), taxanes (i.e. docetaxel, paclitaxel),
capecitabine, vinorelbine, and others (i.e. gemcitabine, carboplatin,
cyclophosphamide, cisplatin, 5-FU, etoposide, mitomycin C). If in a
study the original classifications contained a group with agents from
more than one of the ESMO-classified groups, the percentage of use was
ascribed to both groups, leading to total percentages exceeding100%.
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Other Fig. 1. Overview of median chemotherapy
duration in observational studies in first- until
third-line. Median chemotherapy duration per
line without specification of agents used
(overall) in 9 observational studies; and
grouped per type of agent(s)* used (anthracy-
clines, taxanes, capecitabine, vinorelbine,
others) in 3  observational studies.
*Anthracylines included regimens containing
either doxorubicin or epirubicin, taxanes in-
cluded regimens containing either (liposomal)
> docetaxel or (nab-)paclitaxel. Other che-

motherapy included regimens containing the

. . following agents: bleomycin, carboplatin, cis-

* P . platin, cyclophosphamide, eribulin, (5-)fluor-
- : ouracil, gemcitabine, ifosfamide, metho-

. trexate, mitomycin C, mitozantrone, and

. vinblastine. NOTE: results shown here should
be interpreted in relation with Fig. 2 which
indicates that later-line chemotherapy is gen-
erally less effective; thereby limiting the

Line

We found 15 observational studies reporting on the use of che-
motherapy agents in first- until third chemotherapy line in the period
between 1975 - 2015 (Supplementary Table 6). Older studies con-
ducted before 2004 show that anthracycline-based and 'other' regimens
were the most commonly used in the first-line (Fig. 3). The majority of
the more recent studies with inclusion as of 2004 showed that taxane-
and capecitabine-based therapy were most frequently used as first- and
second-line chemotherapy followed by anthracyclines.

Additionally, Lin et al. conducted a physician survey about the
preferred treatment sequence and prescribing patterns for post-meno-
pausal patients with HR +/HER2- negative metastatic breast cancer
[106]. The recommendations of 213 oncologist in the US were based on
clinical experience, efficacy and toxicity. Capecitabine was the most
frequently used in first- and second-line (35% and 26%, respectively),
followed by paclitaxel (26% and 23%, respectively). Efficacy was
mentioned as the main factor when prescribing first-line chemotherapy.
For second-line chemotherapy, efficacy and tolerability were the most
important considerations.

The ESO-ESMO-ABC4 guideline advises to take into account the
toxicity profiles, previous exposure, patient preferences and availability
of an agent when prescribing a new chemotherapy treatment [59]. The
general recommendation is to choose anthracyclines or taxanes for first-
line treatment of HER2 negative disease in patients who have not re-
ceived these regimens as (neo)adjuvant treatments, to use taxane-based
therapy for (further) treatment of patients with anthracycline-resistant
disease, and to use capecitabine, vinorelbine or eribulin in patients who
were previously treated with an anthracycline and a taxane (either in
(neo)adjuvant and/or metastatic setting) [59].

3.5. Adding targeted therapy to a chemotherapy backbone vs. chemotherapy
alone

With the shift of treatments for patients with ABC based on four
major subtypes according to the HR- and HER2-receptors to treatments
based on individual genetic profiles, the future implementation of new
biological agents is expected. Our aim was to assess which regimens of a
combination of targeted agents and chemotherapy are approved, and if
the effects of chemotherapy are increased when targeted agents are
added to a chemotherapy backbone. Up until the end of 2019, most
targeted therapies are implemented for HER2-negative or HER2-posi-
tive disease, thus we divided our results accordingly (see also supple-
mental text).

treatment duration as a result of progression of
disease. Additionally, comparison of treatment
duration between different agents is biased by
the imbalanced number of patients.

3.5.1. HER2-negative disease

For HER2-negative disease, the combination of bevacizumab and
paclitaxel was initially approved by the FDA in 2008 based on favorable
PFS outcomes compared to paclitaxel alone [35]. However, none of the
clinical trials on the addition of bevacizumab to chemotherapy showed
a significant OS benefit (Table 3).

The ESO-ESMO-ABC4 guideline acknowledges these inconclusive
results and furthermore states that there is a lack of predictive factors
for efficacy of bevacizumab, thereby only recommending physicians to
consider the addition of bevacizumab to first- or second-line che-
motherapy in selected cases, and to not use this kind of combinations
after first-/or second-line [59].

3.5.2. HER2-positive disease

About 15-20% of patients with ABC have an amplification of the
HER2 receptor [5]. HER2-aimed therapy targets the extracellular do-
main of the HER2 receptor, resulting in inhibited tumor growth [31].
Trastuzumab was the first HER2-targeted therapy to be approved in
combination with taxane chemotherapy in 2001 (Supplementary
Table 1) [31]. Since then, new HER2-targeted therapy, such as lapatinib
and pertuzumab have all been registered for use in combination with
chemotherapy [13,14,33]. The latest combination to be approved by
the FDA is fam-trastuzumab deruxtecan-nxki for patients with
HER2 + ABC who have received two or more prior HER2-targeted
therapies [22].

Table 3 shows the clinical trials for the combination of che-
motherapy and HER2-targeted agents versus chemotherapy alone (see
supplemental text for extensive evaluation). The majority of these trials
showed that the addition of HER2-targeted therapy to chemotherapy
significantly improved ORR and PFS, and generated a trend towards
longer OS, compared with chemotherapy alone. As a result of these
studies, the use of chemotherapy with HER2-targeted therapies is re-
commended by the ESO-ESMO-ABC4 guideline for patients with
HER2 + disease [59].

4. Discussion

This review aimed to provide an overview of the optimal strategy to
incorporate chemotherapy in the treatment of patients with ABC based
on data from observational as well as randomized studies. Generally,
chemotherapy-including regimens yielded a median OS of around 2
years in studies underlying approval. However, the older trials did not
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Fig. 2. Overview of outcomes in observational studies on multiple lines of chemotherapy for advanced breast cancer. A) Median line-specific overall response-rate of
chemotherapy from 12 observational studies. B) Median line-specific progression-free survival of chemotherapy from 8 observational studies.

assess efficacy for different tumor-subtypes. Combining chemotherapy
agents resulted in better ORR and PFS compared with single-agent
chemotherapy, but without OS improvement and with greater toxicity.
Therefore, sequential use of single agent chemotherapy is the preferred
strategy. We noted that outcomes were fairly comparable between
(single) cytostatic agents in registration studies. As to chemotherapy
duration, longer treatment durations till ‘unacceptable’ toxicity in
contrast to a predefined number of treatment cycles generated benefits
in efficacy without detrimental impact on QoL in RCTs. Yet observa-
tional studies reported that chemotherapy was generally not given for
more than 3-8 cycles. In addition, real-world studies indicated that after
third-line chemotherapy, benefits of continuing next-line treatment
were modest compared with those yielded by first- and second-line, but
these clearly largely depend on individual patient factors. Although the
ESO-ESMO-ABC4 guideline recommends the use of anthracyclines or
taxanes as first-line chemotherapy [59], over time physicians more

often prescribe capecitabine or taxanes, where tolerability in addition
to efficacy seems to play an increasingly important role [106].
Although it is obvious that different cytotoxic agents generate dif-
ferent outcomes, the questions on the optimal agent for a specific
treatment line and the optimal sequence of agents over multiple lines
remains unanswered. Looking at Fig. 1, it seems as if anthracyclines and
taxanes could be given longest, implying that these treatments would
potentially be most efficient. However, results from Fig. 1 should be
interpreted alongside Fig. 2, which shows a declining response rate and
PFS over the course of the treatment lines. As we did not account for the
number of patients receiving the different agents in Fig. 1, and we know
from clinical practice that some agents are given more often in a spe-
cific treatment line than others, only relying on Fig. 1 to determine our
choice of preferred agent would be insufficient. Capecitabine for ex-
ample is, despite the increasing use in first-line over the years, still more
often prescribed from second-line onwards (Fig. 3). We can see from

Anthracycline Taxane Capecitabine Vinorelbine Other
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Fig. 3. Overview of the use of different groups of chemotherapy agents (proportion of patients) for first- until third-line in 16 observational studies.
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Fig. 1 that the treatment duration of capecitabine in second-line is re-
latively favorable to other agents used in second-line, whereas treat-
ment duration of capecitabine in first-line seems shorter than for an-
thracyclines and taxanes. Considering the number of patients receiving
first-line capecitabine is most likely notably smaller than the number of
patients receiving these two other regimes, comparisons of treatment
duration and the relation with efficacy should be made carefully. And
noteworthy, the anthracycline-based studies were largely from a time
including patients who had not received prior adjuvant chemotherapy.
Future studies comparing different chemotherapy-agents head-to-head
would contribute to the optimization of the optimal sequence.

As it is becoming a common practice to use single-agent che-
motherapy and employ the less toxic agents like capecitabine and pa-
clitaxel first, the optimization of treatment duration becomes more
relevant again. From real-world studies it seemed that chemotherapy is
frequently terminated because of unacceptable toxicity or because of a
pre-defined treatment duration, as the reported treatment durations or
TTF were generally shorter than the reported TTP or PFS. The real-
world study by Kurosky specifically reported completion of the planned
courses of treatment as a reason for stopping chemotherapy in 1/3 of
patients within first-line and 14% of patients receiving second-line,
while these numbers were only 1.8% and 0.95% for first- and second-
line endocrine therapy [101]. Apparently, although RCTs indicated
longer durations of chemotherapy did not adversely affect QoL, in
clinical practice the more toxic treatments are often not continued for a
prolonged period. Low-dose chronic regimens (metronomic che-
motherapy with oral agents) could overcome the issues related to a
limited implementation of prolonged chemotherapy durations in clin-
ical practice.

Additionally, the optimal number of chemotherapy lines remains
hard to define. The ASCO advises against the use of cancer-directed
therapies for patients with solid tumors that did not benefit from prior
evidence-based interventions [105]. Whether benefit from previous
treatments is considered clinically relevant also depends on preferences
of the treating physician and is susceptible to cultural beliefs. Both the
ASCO and ESMO have developed decision aids (ESMO-MCBS, ASCO
Value Framework) to help physicians assess the value of an oncologic
treatment [107,108]. However, for the later lines of chemotherapy,
very few evidence from RCTs is available to apply in these kinds of
tools. When considering data from observational studies like those
listed above, benefits of beyond third-line chemotherapy seem limited.
One should be aware of the fact that these outcomes are not uniform in
definition, and are the results of the alternation of chemotherapy and
endocrine therapies during the disease course of the majority of pa-
tients (HR + population). No solid conclusions can be derived about the
contribution of each agent to the benefits in OS and no information is
available about the impact of subsequent lines of chemotherapy on the
patients QoL.

A remarkable finding was the significant association between out-
comes from previous chemotherapy regimens and outcomes of next-line
chemotherapy described in 6 real-world studies
[89,91,94,95,98,99,104]. Furthermore, response to previous che-
motherapy [84,94,97,99,102] and longer PFS [88,90,104] was de-
scribed to significantly increase OS in observational trials. The re-
lationship between PFS and OS was also seen within approval studies of
chemotherapy and previously described in a systematic review speci-
fically focusing on first-line (mean ratio of median PFS: median OS of 1/
3) [109]. These observations substantiate clinically relevant insights for
the estimation of remaining median OS after progression on first-line
chemotherapy. Notably, one should take into account that we did not
investigate the ratio of PFS to OS within the different tumor subtypes,
which might induce bias as the post-progression survival is considerable
different within these subtypes.

Particularly, the development of new chemotherapy(including) re-
gimens has slowed down compared with biological therapies after
2010. The latter have increased immensely in the last ten years,
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especially in combination with hormonal therapies. Due to the bene-
ficial efficacy results obtained with these targeted therapies, we do not
expect that new cytotoxic agents will be developed. The role of che-
motherapy might even become limited to combination strategies.
Several studies in ABC even suggest a possible synergistic effect of
combining metronomic chemotherapy with endocrine-, immune-, or
targeted therapies [110]. Future research regarding chemotherapy
should thus focus on well-tolerated (metronomic) regimens as a back-
bone for targeted agents. Currently, there are numerous ongoing trials
investigating combinations of a backbone of single-agent- or me-
tronomic chemotherapy with hormonal therapy, targeted agents or
immunotherapy (see ClinicalTrials.gov).

5. Conclusion

For HR-positive ABC, endocrine therapy is the preferred initial
systemic treatment option. If chemotherapy is indicated, because of
visceral distress, endocrine resistance and/or HR-negative disease, se-
quential use of single-agent chemotherapy rather than combinational
chemotherapy is preferred. This chemotherapy may be continued until
progression of disease or unacceptable toxicity. More than three lines of
chemotherapy may be given only to a subset of patients with clear
benefits from previous lines of chemotherapy and still with a good
performance status. The optimal sequence of regimens preferably in-
cludes low toxic agents in early lines of treatment before employing
less-tolerable agents. In patients with HER2-positive ABC, targeted
therapy is generally included in addition to the chemotherapy-back-
bone.
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Appendix A
Efficacy of systemic FDA/EMA approved regimens

Approval messages on FDA / EMA websites were searched for re-
ferences to the underlying studies.
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Single agent vs. combination chemotherapy

ESMO, ASCO and NCCN guidelines were searched for clinical trials
underlying the recommendations on single vs. combination che-
motherapy.

Duration of chemotherapy
® General

((((((chemotherapy) AND advanced) OR metastatic) AND breast
cancer) AND duration) OR line*) OR schedule)

® Specific for clinical trials

(((((("Neoplasm Metastasis"[Mesh] OR (metasta*[tiab] OR ad-
vanced[tiab]))) AND (((("Neoplasms'[Mesh] OR (Cancer*[tiab] OR
cancer[sb] OR cancer*[tiab] OR carcinom*[tiab] OR malign*[tiab] OR
neoplas*[tiab] OR  tumor*[tiab] OR  tumour*[tiab]) OR
"Carcinoma"[Mesh])) AND (Breast[tiab] OR mammary[tiab]))) OR
"Breast Neoplasms'[Mesh]))) AND ("Antineoplastic Agents"[Mesh] OR
"Antineoplastic Combined Chemotherapy Protocols"[Mesh] OR "Drug
Therapy"[Mesh:noexp] OR "Consolidation Chemotherapy"[Mesh] OR
"Induction Chemotherapy"[Mesh] OR "Maintenance
Chemotherapy"[Mesh] OR "Cytostatic Agents'[Mesh] OR chemother-
ap*[tiab] OR ((anti neoplast*[tiab] OR antineoplast*[tiab]) AND
(drugs[tiab] OR agents[tiab])) OR cytostat*[tiab])) AND
(Duration*[tiab] OR maintenance[tiab] OR cycle*[tiab] OR number*
OR length[tiab] OR longer[tiab] OR shorter[tiab])) AND ((randomized
controlled trial[pt] OR controlled clinical trial[pt] OR randomized
[tiab] OR drug therapy[sh] OR randomly[tiab] OR trial[tiab] OR
groups[tiab]) OR ("Prospective Studies"[Mesh] OR prospecti*[tiab]))

® Specific for observational studies
(((((((cohort study) OR real world study) OR observational study)

AND chemotherapy) AND duration) AND metastatic) OR advanced)
AND breast cancer

Multiple lines of chemotherapy in clinical practice
® General

((((((chemotherapy) AND advanced) OR metastatic) AND breast
cancer) AND duration) OR line*) OR schedule)

e Specific for observational studies

(((((((cohort study) OR real world study) OR observational study)
AND chemotherapy) AND duration) AND metastatic) OR advanced)
AND breast cancer

Chemotherapy + /- targeted therapies

(((("Breast Neoplasms"[Mesh]) AND breast cancer)) AND (((sur-
vival) OR treatment outcome) OR mortality)) AND ((((((chemotherapy)
OR trastuzumab) OR trastuzumab emtansine) OR lapatinib) OR pertu-
zumab) OR bevacizumab)

Appendix B. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.critrevonc.2020.
102988.
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