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Abstract

Objectives: To describe real-world outcomes of first-line pertuzumab, trastuzumab, and taxane therapy in HER2-posi-
tive metastatic breast cancer and identify factors associated with survival

Methods: We retrospectively reviewed 110 consecutive patients treated at two centres between August 2016 and
December 2025. Progression-free survival (PFS) and overall survival (OS) were measured from the first pertuzumab
infusion. Survival factors were evaluated using Cox regression. Seven inflammatory and nutritional indices were dichot-
omised at their medians, with Benjamini-Hochberg correction.

Results: The median age was 56 years; 82 patients (74.5%) had de novo metastatic disease. During a median follow-up
of 33.4 months, 61 progression events and 37 deaths occurred. Median PFS was 21.6 months, and median OS was 47.1
months. ECOG performance status 1 (HR=2.74; p=0.003) and at least three metastatic sites (HR=2.29; p=0.013) were
independently associated with shorter OS. At least three metastatic sites (HR=2.14; p=0.005) and a low prognostic nutri-
tional index (HR=1.87; p=0.023) were associated with shorter PFS. No index remained significant after multiple-testing
correction. No grade 3-4 event was documented.

Conclusion: Performance status and metastatic burden were the strongest prognostic factors. De novo versus recur-
rent presentation was not prognostic when measured from a common starting point.
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Human epidermal growth factor receptor 2 (HER2) is
overexpressed or amplified in approximately 15 to 20
percent of breast cancers and was historically associated
with an aggressive course and short survival.'? The se-
quential introduction of trastuzumab, and subsequently
of dual HER2 blockade, has changed that trajectory,?* to
the point where metastatic HER2 positive disease is now
among the more treatable metastatic subtypes.

The CLEOPATRA trial established the combination of per-
tuzumab, trastuzumab, and docetaxel as the first-line stan-
dard of care™ reporting a median progression-free sur-
vival of 18.7 months and a median overall survival of 57.1
months in its final analysis, compared with 40.8 months
with trastuzumab and docetaxel alone.*® Those figures
were obtained in a population selected by trial eligibility
criteria, with a performance status of 0 or 1, adequate car-
diac function, and no untreated central nervous system
disease. Whether they are reproduced in routine practice,
where older patients, comorbidity, and poorer perfor-
mance status are all common, is a separate question and
one that matters for the counselling of individual patients.

Real-world series of first-line dual blockade have generally
reported progression-free survival in the range of 18 to 24
months, with overall survival estimates that vary more widely
and are frequently immature.”'? Alongside the established
clinical prognostic factors of performance status, disease bur-
den, and visceral involvement, there has been considerable
interest in whether inexpensive markers derived from routine
blood counts add prognostic information. Indices such as the
neutrophil-to-lymphocyte ratio, the systemic immune-in-
flammation index, and the prognostic nutritional index have
been associated with outcomes in several tumour types,'-'3
although the evidence in HER2 positive metastatic breast can-
cer treated with dual blockade remains limited, and the cut-
off values used are inconsistent between studies.

We therefore reviewed our own consecutive experience
of first-line pertuzumab-based therapy with two aims: to
report progression-free and overall survival with the matu-
rity of follow-up made explicit and to test whether clinical,
pathological, and blood-based inflammatory factors are
associated with those outcomes. Because the cohort con-
tains both de novo metastatic and recurrent patients, we
measured survival from the start of pertuzumab therapy
for all patients, which is the only index date that is defined
identically in both groups.

Methods

Study design and patients

This was a retrospective observational cohort study con-
ducted at two centres. We identified all consecutive pa-

tients with HER2-positive metastatic breast cancer who
began first-line pertuzumab, trastuzumab, and a taxane
between 3 August 2016 and 19 December 2025. The date
of the last recorded follow-up or death in the database, 20
February 2026, was used as the data cut-off.

Patients were included if HER2 positivity had been con-
firmed by immunohistochemistry with a score of 3 plus
or by in situ hybridisation where the immunohistochemi-
cal score was 2 plus,[2] and if the pertuzumab-containing
regimen was given as the first systemic treatment for met-
astatic disease. Patients who had received a HER2-direct-
ed agent for metastatic disease before pertuzumab were
excluded. Prior neoadjuvant or adjuvant trastuzumab was
permitted. Ethical approval was obtained from the institu-
tional clinical research ethics committee, and because the
study used data collected in the course of routine care with
no additional intervention, the requirement for individual
informed consent was waived. The study was conducted in
accordance with the Declaration of Helsinki and is reported
in accordance with the STROBE statement.!'

Data collection and definitions

Demographic, clinicopathological, treatment, and out-
come data were extracted from electronic records and re-
corded in a single database. Presentation was classified as
de novo metastatic when metastatic disease was present
at first diagnosis and as systemic recurrence when meta-
static disease developed after treatment for non-metastat-
ic disease. Metastatic burden was recorded as the number
of involved anatomical sites among the liver, lung, brain,
bone, and lymph nodes and was analysed as one or two
sites versus three or more; this is a count of sites and not
of individual lesions. Because regional and distant lymph
nodes were involved in almost all patients, we also report
the distribution excluding nodal sites. Comorbidity, height,
and weight were recorded where available; height and
weight were documented in fewer than half of the patients
and were not used in any analysis.

Treatment and assessment

Pertuzumab was given at a loading dose of 840 mg followed
by 420 mg every three weeks, with trastuzumab at stan-
dard intravenous or subcutaneous dosing and docetaxel or
paclitaxel as the taxane partner. The taxane was given for a
planned six cycles and continued or stopped at the discre-
tion of the treating physician; the number of taxane cycles
actually delivered is reported in full. Antibody therapy was
continued until progression or unacceptable toxicity. Con-
current endocrine therapy was permitted in hormone re-
ceptor-positive disease at physician discretion. Disease was
assessed by computed tomography and, where clinically
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indicated, by positron emission tomography or magnet-
ic resonance imaging at intervals of approximately three
months, and responses were classified according to RECIST
version 1.1.1"! Adverse events were graded according to the
Common Terminology Criteria for Adverse Events version
5.0 and were recorded as absent, grade 1 or 2, or grade 3 or
4. Because toxicity was documented for a variable subset
of patients depending on the completeness of the treat-
ment records, the denominator is reported separately for
each event, and no event is assumed to be absent where
it was not recorded. Left ventricular ejection fraction was
measured by echocardiography before treatment and at
the last available assessment on treatment.

Inflammatory and nutritional indices

Complete blood counts and biochemistry obtained be-
fore the first cycle were used to calculate the following,
with absolute counts expressed as 10 to the power of
3 per microlitre and albumin in grams per decilitre: the
neutrophil-to-lymphocyte ratio as neutrophils divided by
lymphocytes; the platelet-to-lymphocyte ratio as platelets
divided by lymphocytes; the systemic immune-inflamma-
tion index as platelets multiplied by neutrophils divided by
lymphocytes; the pan-immune-inflammation value as neu-
trophils multiplied by platelets multiplied by monocytes
divided by lymphocytes; the lymphocyte-to-monocyte ra-
tio as lymphocytes divided by monocytes; the prognostic
nutritional index as ten times albumin in grams per decili-
tre plus 0.005 multiplied by the absolute lymphocyte count
per microlitre; and the C-reactive protein-to-albumin ratio
as C-reactive protein in milligrams per litre divided by al-
bumin in grams per decilitre. Each index was dichotomised
at its own median within this cohort, since no externally
validated cut-off exists for this population, and the median
value used is reported for each index.

Statistical Analysis

Progression-free survival was defined as the interval from
the first pertuzumab infusion to radiological or clinical pro-
gression or death from any cause, whichever came first, and
overall survival as the interval from the first pertuzumab in-
fusion to death from any cause. Patients without an event
were censored at the date of last contact. The first pertuzum-
ab infusion was chosen as the index date for both endpoints
because it is defined identically for patients presenting with
de novo metastatic disease and for those with systemic re-
currence; survival measured from the date of primary diag-
nosis is reported once for comparison with series that use
that convention and is not used for any group comparison.

Median follow-up was estimated by the reverse Ka-
plan-Meier method.""® Survival curves were estimated by

the Kaplan-Meier method with 95 percent confidence in-
tervals and compared using the log-rank test; medians not
reached within the observed follow-up are reported as not
reached. Variables associated with survival at p below 0.10
on univariate analysis were entered into a Cox proportional
hazards model, with the number of covariates limited so
that at least ten events were available per variable. The pro-
portional hazards assumption was assessed using scaled
Schoenfeld residuals. Because the number of taxane cycles
accrues during follow-up and cannot be treated as a base-
line covariate, its association with survival was examined in
a landmark analysis restricted to patients alive and under
observation at six months."'® The log-rank comparisons
across subgroups and indices were not adjusted for multi-
ple testing and are reported as exploratory.

Analyses were performed using IBM SPSS Statistics version
26.0 (IBM Corp., Armonk, NY, USA), and a p-value of <0.05
was considered statistically significant. Because seven indi-
ces were each tested against two endpoints, we addition-
ally report Benjamini-Hochberg false discovery rates across
those 14 tests in Table 1; these are descriptive, and the
study was not powered for them. For context on power, 37
deaths and 61 progression events give 80 percent power at
a two-sided alpha of 0.05 to detect hazard ratios of about
2.51 and 2.05, respectively, so effects of the magnitude
reported for these indices in the literature would require
roughly 70 to 80 deaths to detect reliably.

Results

Patients

One hundred and ten patients were included. Accrual was 3
patientsin 2016,1in2017,2in 2018,61in 2019, 3in 2020, 13
in 2021, 21 in 2022, 15 in 2023, 28 in 2024, and 18 in 2025.
Baseline characteristics are shown in Table 2. The median
age was 56 years (range, 25 to 91), and 21 patients (19.1
percent) were under 40. Performance status was 0 in 83 pa-
tients (75.5 percent) and 1 in 27 (24.5 percent). Eighty-two
patients (74.5 percent) presented with de novo metastat-
ic disease and 28 (25.5 percent) with systemic recurrence.
Histology was invasive ductal carcinoma in 104 patients
(94.5 percent). Estrogen receptor was positive in 66 pa-
tients (60.0 percent) and negative in 25, and progesterone
receptor was positive in 50 (45.5 percent) and negative in
37; receptor status was not recorded in 19 and 23 patients,
respectively. Sixty-nine patients (62.7 percent) had hor-
mone receptor-positive disease, defined as a positive result
for either receptor, so patients with no recorded result are
counted as not positive. Ki-67 was 14 percent or above in
100 patients (90.9 percent). Histological grade was 1 in 1
patient, 2 in 52, and 3 in 47, and was not recorded in 10
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Table 1. Inflammatory and nutritional indices, dichotomised at the cohort median

Index Median cut off n  Median OS (95% Cl) p(q) Median PFS (95% Cl) p(q)

Neutrophil to lymphocyte ratio 2.52
At or below median 55 82.4 (43.1 to NR) 0.048 (0.17) 23.9 (15.8 to NR) 0.103 (0.18)
Above median 55 38.4 (19.7 to NR) 19.7 (11.3 t0 29.4)

Platelet to lymphocyte ratio 148.26
At or below median 55 47.1(43.1t082.4) 0.503(0.59) 20.6 (16.9 to NR) 0.169 (0.24)
Above median 55 46.3 (31.0 to NR) 21.6(11.6t0 30.8)

Systemic immune inflammation index 680.56
At or below median 55 82.4 (43.1 to NR) 0.050(0.17) 23.5(15.8to NR) 0.136 (0.21)
Above median 55 38.4(19.7 to NR) 19.7 (11.6 to 30.8)

Pan immune inflammation value 217.12
At or below median 55 45.8 (38.4to NR) 0.660 (0.71) 18.1(13.1to 23.5) 0.087 (0.18)
Above median 55 82.4(31.0to NR) 31.0(18.7 to 55.2)

Lymphocyte to monocyte ratio 4.65
Above median 55 46.3 (384toNR)  0.968(0.97) 18.6 (13.1 t0 29.4) 0.098 (0.18)
At or below median 55 82.4(31.0to NR) 26.3(16.9to0 55.2)

Prognostic nutritional index 51.45
Above median 55 82.4 (45.8 to NR) 0.020 (0.14) 30.8 (18.1 to NR) 0.009 (0.13)
At or below median 55 38.4(28.1 to NR) 20.6 (11.6 to 23.9)

C reactive protein to albumin ratio 0.96
At or below median 55 43.1(18.7 to NR) 0.088 (0.18) 19.1(11.8t0 55.2) 0.439 (0.56)
Above median 55 82.4 (35.4to NR) 23.9(16.9t0 32.4)

OS: Overall survival; PFS: Progression free survival; NR: Not reached. Cut off values are the medians of this cohort; no externally validated cut off exists for this population.
For the prognostic nutritional index and the lymphocyte to monocyte ratio the favourable stratum is the one above the median, and for the remaining indices it is the
one at or below the median. Units: absolute counts as 1043 per microlitre, albumin in g/dL, C reactive protein in mg/L. Seven indices were tested against two endpoints
without adjustment for multiple comparisons, so these results are exploratory. The value in parentheses after each p value is the Benjamini Hochberg false discovery
rate across all 14 tests in this table; no index reaches a g value below 0.05, and the smallest is 0.126 for the prognostic nutritional index against progression free survival.

(9.1 percent). Diabetes mellitus and coronary artery disease
were each present in 21 patients (19.1 percent).

Disease extent

Bone was the most frequently involved distant site (70 pa-
tients, 63.6 percent), followed by liver (37, 33.6 percent),
lung (32, 29.1 percent), and brain (7, 6.4 percent). Lymph
nodes were involved in 105 patients (95.5 percent). Count-
ing all five sites, 74 patients (67.3 percent) had one or two
involved sites and 36 (32.7 percent) had three or more. Ex-
cluding nodal disease, 7 patients had no distant site record-
ed, 66 had one, and 37 had two or more, which shows that
the site count is driven largely by the near-universal nodal
involvement and should be interpreted with that in mind.

Treatment delivered

Docetaxel was the taxane partner in 105 patients (95.5 per-
cent) and paclitaxel in 5 (4.5 percent). The median number
of taxane cycles delivered was 6 (range, 1 to 19): 75 patients

(68.2 percent) received exactly the planned six cycles, 17
(15.5 percent) received fewer, and 18 (16.4 percent) re-
ceived more. The median number of pertuzumab cycles
was 18 (range, 1 to 97). Concurrent endocrine therapy was
given to 63 of the 69 hormone receptor-positive patients.

Follow-up and survival

Median follow-up by the reverse Kaplan-Meier method was
33.4 months. At the data cut-off, 61 progression-free survival
events and 37 deaths (33.6 percent) had occurred. Median
progression-free survival was 21.6 months (95 percent Cl,
15.8 to 30.8), and median overall survival was 47.1 months
(95 percent Cl, 38.4 to not reached) (Fig. 1). Progression-free
survival was 68.0 percent at one year, 43.9 percent at two
years, and 33.7 percent at three years; overall survival was
84.8 percent at one year, 72.6 percent at two years, 63.2 per-
cent at three years, and 48.0 percent at five years. Because
only a third of the cohort had died and median follow-up
was 33.4 months, the overall survival estimate beyond three
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Table 2. Baseline patient and disease characteristics (n=110)

Table 2. Continued

Characteristic

norvalue Percent

Characteristic norvalue Percent

Age, years, median (range)
Age group
Under 40
40 or over
ECOG performance status
0
1
Menopausal status at diagnosis
Premenopausal
Postmenopausal
Not recorded
Stage at initial diagnosis
Il
11
1\
Presentation
De novo metastatic
Systemic recurrence
Tumour laterality
Right
Left
Bilateral
Multifocality
Absent
Present
Not recorded
Histology
Invasive ductal
Invasive lobular
Other
Histological grade
1
2
3
Not recorded
Estrogen receptor
Not recorded
Positive
Negative
Progesterone receptor
Not recorded
Positive
Negative
Ki-67 category
Under 14 percent
14 percent or over

56 (25 to 91)

21
89

83
27

43
66
1

23
82

82
28

51
58

86
23

104

52
47
10

19
66
25

23
50
37

10
100

19.1
80.9

75.5
24.5

39.1
60.0
0.9

4.5
20.9
74.5

74.5
255

46.4
527
0.9

78.2
20.9
0.9

94.5
2.7
2.7

0.9
47.3
42.7

9.1

17.3
60.0
22.7

20.9
455
336

9.1
90.9

Diabetes mellitus
Absent 89 80.9
Present 21 19.1

Coronary artery disease

Absent 89 80.9

Present 21 19.1
Chronic lung disease

Absent 107 97.3

Present 3 2.7

Taxane partner
Docetaxel 105 95.5
Paclitaxel 5 4.5

Concurrent endocrine therapy

No 44 40.0
Yes 65 59.1
Not recorded 1 0.9

Metastatic sites

Liver 37 33.6
Lung 32 29.1
Brain 7 6.4
Bone 70 63.6
Lymph node 105 95.5

Number of metastatic sites
0 1 0.9
1 9 8.2
2 64 58.2
3 31 28.2
4 4 3.6
5 1 0.9

Taxane cycles, median (range) 6(1to19)

Pertuzumab cycles, median (range) 18 (1 to 97)

LVEF before treatment, percent, 60 (50 to 65)

median (range)

LVEF after treatment, percent, 60 (25 to 65)

median (range)

ECOG: Eastern Cooperative Oncology Group; LVEF: Left ventricular ejection frac-
tion. Percentages are calculated on the full cohort of 110 patients. Rows labelled
not recorded show missing data. Metastatic sites are not mutually exclusive and
therefore do not sum to 110. Where a characteristic was not documented in the
source records the count is shown as not recorded rather than being assigned to
a category.The column headings repeat on each page where the table continues.

years rests on a small number of patients still at risk, and the
numbers at risk are given beneath each curve. For compari-
son with series that measure survival from the date of prima-
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Figure 1. Kaplan Meier estimates of overall survival (a) and progression free survival (b) in the
whole cohort, measured from the date of the first pertuzumab infusion. Shaded bands are 95
percent confidence intervals and vertical ticks are censored observations. The number of patients
at risk is given beneath each panel. Median overall survival was 47.1 months (95 percent Cl 38.4 to
not reached) with 37 deaths, and median progression free survival was 21.6 months (95 percent Cl

15.8 to 30.8) with 61 events.

ry diagnosis, the median by that convention in this cohort is
105.4 months (95 percent Cl, 60.0 to 148.4); this figure is not
comparable with survival measured from the start of treat-
ment and is reported here for that reason alone.

Univariate analysis

Results of the univariate analysis are shown in Table 3. An
ECOG performance status of 1 was associated with short-
er overall survival (28.1 versus 82.4 months, p=0.002), and
three or more metastatic sites were associated with shorter
overall survival (38.4 months versus not reached, p=0.020)
and shorter progression-free survival (13.1 versus 29.4

months, p=0.005) (Fig. 2). Receiving fewer than six taxane
cycles was associated with markedly shorter survival for
both endpoints (overall survival, 7.3 versus 82.4 months,
p<0.001), a finding examined further below. Coronary ar-
tery disease showed a borderline association with shorter
overall survival (38.4 versus 82.4 months, p=0.062), and
liver metastasis showed a trend toward shorter progres-
sion-free survival (15.8 versus 23.5 months, p=0.064). Age,
menopausal status, hormone receptor status, Ki-67, histo-
logical grade, taxane partner, diabetes mellitus, bone, lung,
and brain metastasis, and concurrent endocrine therapy in

a By performance status

ECOG 0: 82.4 (45.8 to NR)

ECOG 1 or 2: 28.1 (13.1 to 38.4)

Log rank p = 0.002

0.8

Overall survival

0.2 4

0.0

b By number of metastatic sites

3 or more sites: 38.4 (13.7 to 82.4)

¢ By prognostic nutritional index

1 or 2 sites: NR (43.1 to NR) PNI above median: 82.4 (45.8 to NR)
PNI at or below median: 38.4 (28.1 to NR)

Log rank p = 0.020 Log rank p = 0.020

12 24 36 a8 60 72 84 12 24

Months since pertuzumab initiation

o 0

Number at risk Number at risk

62

36
Months since pertuzumab initiation

12 24 36 a8 60 72 84

Months since pertuzumab initiation

a8 60 72 84 0

Number at risk

Figure 2. Overall survival by ECOG performance status (a), by the number of involved metastatic
sites (b) and by the prognostic nutritional index dichotomised at the cohort median of 51.45 (c).
Shaded bands are 95 percent confidence intervals, vertical ticks are censored observations and p
values are from the log rank test. The number of patients at risk is given beneath each panel.



EJMI

465

Table 3. Univariate analysis of clinical and pathological factors

Factor n Median OS, months (95% CI) p Median PFS, months (95% CI) p

Age
Under 40 21 NR (17.4 to NR) 0.245 29.4 (9.4 to NR) 0.642
40 or over 89 46.3 (31.1 to NR) 19.7 (13410 31.0)

ECOG performance status
0 83 82.4 (45.8 to NR) 0.002 23.5(15.8t046.3) 0.112
lor2 27 28.1(13.1to 38.4) 19.1(8.0to 23.9)

Menopausal status
Premenopausal 43 82.4 (43.1 to NR) 0.369 23.1(13.4t032.4) 0.749
Postmenopausal 66 45.8 (31.0to NR) 20.6 (13.4t0 46.3)

Presentation
De novo metastatic 82 47.1 (35.4to NR) 0.583 23.5(16.9to 46.3) 0.428
Systemic recurrence 28 45.8 (19.1 to NR) 19.1 (11.3to0 31.1)

Estrogen receptor
Positive 66 47.1 (35.4to NR) 0.615 21.6 (13.8t029.4) 0.829
Negative 44 82.4 (30.9 to NR) 239(11.6t047.2)

Progesterone receptor
Positive 50 45.8 (35.4to NR) 0.960 18.7 (13.1 to 26.3) 0.250
Negative 60 82.4 (30.9 to NR) 23.9(13.4t055.2)

Ki-67
Under 14 percent 10 NR (15.9 to NR) 0.128 55.2(5.1t055.2) 0.305
14 percent or over 100 46.3 (35.4to NR) 20.6 (13.4t0 30.8)

Histological grade
1 1 NR (NR to NR) 0.874 NR (NR to NR) 0.935
2 52 82.4(31.0to NR) 23.1(13.8t0 31.0)
3 47 47.1 (31.1 toNR) 23.1(15.8t046.3)

Taxane
Docetaxel 105 47.1 (38.4to NR) 0.602 21.6 (16.9 to 30.8) 0.489
Paclitaxel 5 82.4(2.1t0 82.4) 7.4 (0.0 to NR)

Number of metastatic sites
lor2 74 NR (43.1 to NR) 0.020 29.4(19.7 t0 46.3) 0.005
3 or more 36 38.4(13.7t0 82.4) 13.1(9.4t0 18.7)

Liver metastasis
Absent 73 NR (43.1 to NR) 0.154 23.5(18.1t0 46.3) 0.064
Present 37 45.8 (19.7 to NR) 15.8 (9.4 t0 30.8)

Lung metastasis
Absent 78 47.1 (38.4to NR) 0.432 23.1(15.8t0 31.0) 0.736
Present 32 NR (13.7 to NR) 20.6 (10.3 to NR)

Brain metastasis
Absent 103 47.1 (38.4to NR) 0.678 21.6 (15.8t0 31.0) 0.801
Present 7 30.9 (2.1 to NR) 20.6 (0.0 to NR)
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Table 3. Continued

Factor n Median OS, months (95% CI) p Median PFS, months (95% CI) p

Bone metastasis
Absent 40 NR (31.0 to NR) 0.268 23.9(13.4to NR) 0.336
Present 70 46.3 (35.4to NR) 18.7 (13.2t0 29.4)

Diabetes mellitus
Absent 89 47.1 (43.1 to NR) 0.404 20.6 (15.8 t0 29.4) 0.917
Present 21 31.1(12.3to NR) 31.0 (9.4 to NR)

Coronary artery disease
Absent 89 82.4 (43.1 to NR) 0.062 23.1(18.6t0 32.4) 0.087
Present 21 38.4(11.7 to NR) 13.1 (7.4 t0 23.9)

Concurrent endocrine therapy

(hormone receptor positive

only)
No 5 NR (2.3 to NR) 0.666 NR (2.1 to NR) 0.575
Yes 63 47.1 (35.4 to NR) 21.6 (13.4t0 30.8)

Taxane cycles
6 or more 93 82.4(43.1 to NR) 0.000 23.1(18.6to 31.1) 0.002
Fewer than 6 17 7.3(29t045.8) 5.3 (2.1 to NR)

ECOG: Eastern Cooperative Oncology Group; OS: Overall survival; PFS: Progression free survival; NR: Not reached. Both endpoints are measured from the first pertuzumab
infusion. p values are from the log rank test and are not adjusted for multiple comparisons.

hormone receptor-positive patients were not associated
with either endpoint."” Presentation as de novo metastatic
disease versus systemic recurrence was not associated with
overall survival (47.1 versus 45.8 months, p=0.583) or pro-
gression-free survival (23.5 versus 19.1 months, p=0.428).

Inflammatory and nutritional indices

The seven inflammatory and nutritional indices are shown
in Table 1 with the cohort median as the cut-off, and their
estimates after adjustment for performance status and the
number of metastatic sites are shown in Table 4. On uni-
variate analysis, the prognostic nutritional index separated

both endpoints (overall survival, 82.4 versus 38.4 months,
p=0.020; progression-free survival, 30.8 versus 20.6 months,
p=0.009), the neutrophil-to-lymphocyte ratio and the sys-
temic immune-inflammation index separated overall sur-
vival (p=0.048 and p=0.050), and the pan-immune-inflam-
mation value, the lymphocyte-to-monocyte ratio, and the
C-reactive protein-to-albumin ratio reached p<0.10 for one
endpoint each, but in the direction opposite to that expect-
ed, with the apparently adverse stratum showing the longer
median. The platelet-to-lymphocyte ratio was not associat-
ed with either endpoint. After adjustment, only the prog-

Table 4. Each index entered separately into a model containing performance status and the number of metastatic sites

Index Adverse stratum OS hazard ratio (95% Cl) P PFS hazard ratio (95% Cl) p

Neutrophil to lymphocyte ratio above median 1.57 (0.77 t0 3.17) 0.212 1.4 (0.82 t0 2.38) 0.213
Platelet to lymphocyte ratio above median 1.07 (0.55 to 2.1) 0.835 1.37 (0.81 to 2.34) 0.241
Systemic immune inflammationindex ~ above median 1.49(0.74 t0 3.0) 0.260 1.31(0.77 to 2.21) 0.319
Pan immune inflammation value above median 0.95 (0.49 to 1.83) 0.873 0.65 (0.38 to 1.08) 0.098
Lymphocyte to monocyte ratio at or below median 1.14 (0.58 to 2.23) 0.709 0.69 (0.4 to0 1.19) 0.184
Prognostic nutritional index at or below median 1.86 (0.92 to 3.78) 0.085 1.88(1.1t03.2) 0.020
C reactive protein to albumin ratio above median 0.64 (0.33 to 1.25) 0.192 0.84 (0.51t0 1.4) 0.511

Each row is a separate Cox model containing ECOG performance status, three or more involved metastatic sites and the index shown, dichotomised at the cohort median. The
adverse stratum column states which side of the median was hypothesised to carry the worse prognosis. A hazard ratio below 1 therefore indicates an association in the direction

opposite to that expected.
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nostic nutritional index retained an association, with pro-
gression-free survival at a hazard ratio of 1.88 (95 percent Cl,
1.10 to 3.20; p=0.020) and overall survival at 1.86 (95 percent
Cl,0.92 to 3.78; p=0.085); the remaining six indices were null
for both endpoints, including the three whose univariate di-
rection was reversed. The strata driving those reversals were
imbalanced at baseline: patients above the median pan-im-
mune-inflammation value included 18.2 percent with ECOG
1 or 2, compared with 30.9 percent below it, and patients at
or below the median lymphocyte-to-monocyte ratio includ-
ed 23.6 percent with three or more involved sites, compared
with 41.8 percent above it. Seven indices were tested against
two endpoints without correction for multiple comparisons,
and all cut-offs were derived within this cohort, so these re-
sults are exploratory.

Multivariable analysis

Variables associated with either endpoint at p<0.10 were en-
tered into Cox models, restricted in number so that at least
ten events were available per covariate (Table 5). For overall
survival, with 37 events and three covariates, an ECOG per-
formance status of 1 (hazard ratio, 2.74; 95 percent Cl, 1.40
to 5.35; p=0.003) and three or more metastatic sites (hazard
ratio, 2.29; 95 percent Cl, 1.19 to 4.42; p=0.013) remained
independently associated with shorter survival, while a low
prognostic nutritional index did not reach significance (haz-
ard ratio, 1.86; 95 percent Cl, 0.92 to 3.78; p=0.085).

For progression-free survival, with 61 events, three or more
metastatic sites (hazard ratio, 2.14; 95 percent Cl, 1.26 to

Table 5. Multivariable Cox proportional hazards models

3.66; p=0.005) and a low prognostic nutritional index (haz-
ard ratio, 1.87; 95 percent Cl, 1.09 to 3.20; p=0.023) were
independently associated with shorter progression-free
survival, whereas performance status and coronary ar-
tery disease were not. Because the study is retrospective
and the index analyses do not survive correction for mul-
tiple comparisons, we describe these as independent as-
sociations rather than as independent predictors. Scaled
Schoenfeld residuals gave no evidence against the propor-
tional hazards assumption in either model.

The number of taxane cycles

The number of taxane cycles delivered was strongly associat-
ed with survival on univariate analysis, but it accrues during
follow-up: a patient must remain alive and on treatment to
receive more cycles, and cycle number correlated with time
under observation (Spearman rho=0.379, p<0.001). Treating
it as a baseline covariate would therefore attribute survival
time to the variable that measures it. In a landmark analysis
restricted to the 100 patients alive and under observation
at six months, with 30 subsequent deaths, receiving fewer
than six cycles was no longer significantly associated with
overall survival (hazard ratio, 2.57; 95 percent Cl, 0.86 to 7.68;
p=0.090) once performance status and metastatic burden
were included, while performance status remained signifi-
cant (hazard ratio, 3.86; 95 percent Cl, 1.83 to 8.15; p<0.001).
We therefore interpret early discontinuation of the taxane as
a marker of clinical deterioration or toxicity rather than as an
independent determinant of outcome.

Covariate

Hazard ratio 95% CI P

Overall survival (37 events, 3 covariates)
ECOG performance status 1 versus 0
Three or more metastatic sites versus one or two
Prognostic nutritional index at or below median
Progression free survival (61 events, 4 covariates)
ECOG performance status 1 versus 0
Three or more metastatic sites versus one or two
Prognostic nutritional index at or below median
Coronary artery disease
Landmark analysis at six months, overall survival (30 events)
ECOG performance status 1 versus 0
Three or more metastatic sites versus one or two

Fewer than six taxane cycles

2.740 1.404 to 5.349 0.003
2.292 1.190 to 4.417 0.013
1.862 0.917 to0 3.779 0.085
1.506 0.784 to 2.891 0.219
2.142 1.255 t0 3.655 0.005
1.868 1.091 to 3.199 0.023
1.055 0.499 to 2.228 0.889
3.857 1.826 to 8.147 <0.001
1.688 0.795 to 3.584 0.173
2.574 0.863 to 7.680 0.090

ECOG: Eastern Cooperative Oncology Group. Variables associated with the endpoint at p below 0.10 on univariate analysis were entered, limited so that at least ten
events were available per covariate. Scaled Schoenfeld residuals gave no evidence against the proportional hazards assumption. The landmark model is restricted to the

100 patients alive and under observation at six months.
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Table 6. Adverse events, with the denominator for each event

Adverse event Patients with the event documented Gradel1or2,n Grade3or4,n Percent grade 1 or 2
Nausea or vomiting 57 29 0 50.9
Headache 55 9 0 16.4

Myalgia 60 12 0 20.0
Hypertension 55 0 0 0.0
Thrombocytopenia 55 16 0 29.1
Anaemia 55 23 0 41.8
Leucopenia 55 18 0 32.7

Raised liver enzymes 65 24 0 36.9

Any of the above 73 51 0

Denominators differ between events because toxicity documentation was incomplete in a variable proportion of records; the absence of an entry is not evidence that the event
did not occur. Diarrhoea and neutropenia were not recorded as separate fields and cannot be reported. Grading follows CTCAE version 5.0.

Toxicity

Adverse events are shown in Table 6, with the denominator
given for each event because toxicity documentation was
incomplete in a variable proportion of records. Among pa-
tients in whom each event was documented, the most fre-
quent were nausea or vomiting in 29 of 57 (50.9 percent),
anaemia in 23 of 55 (41.8 percent), raised liver enzymes in
24 of 65 (36.9 percent), leucopenia in 18 of 55 (32.7 per-
cent), thrombocytopenia in 16 of 55 (29.1 percent), myalgia
in 12 of 60 (20.0 percent), and headache in 9 of 55 (16.4 per-
cent). All documented events were grade 1 or 2; no grade
3 or 4 event was recorded in the individual toxicity fields.
Diarrhoea and neutropenia, which are among the toxicities
most characteristic of this regimen, were not recorded as
separate fields in the database and therefore cannot be re-
ported; the absence of an entry for any event should be
read as an absence of documentation rather than as evi-
dence that the event did not occur. No patient discontin-
ued therapy for toxicity according to the available records.

Cardiac function

Left ventricular ejection fraction was recorded before and
during treatment in all 110 patients. The median was 60
percent before treatment (range, 50 to 65) and 60 percent
at the last on-treatment assessment (range, 25 to 65). A fall

of 10 percentage points or more occurred in 3 patients (2.7
percent), and 4 patients (3.6 percent) had an on-treatment
value below 50 percent, the lowest being 25 percent. Any
fall from baseline was seen in 7 patients (6.4 percent).

Progression and subsequent therapy

Fifty-three patients (48.2 percent) were recorded as pro-
gressing on pertuzumab-based therapy, and subsequent
HER2-directed treatment is summarised in Table 7. Among
patients with the relevant field completed, 33 of 73 (45.2
percent) received trastuzumab emtansine,?” for a median
of 10 cycles (range, 1 to 36), 11 of 72 (15.3 percent) received
lapatinib with capecitabine (median, 10 cycles; range, 4
to 22), and 6 of 51 (11.8 percent) received trastuzumab
deruxtecan,?" (median, 11 cycles; range, 3 to 19). The de-
nominators differ because the field was not completed for
every patient, and this incompleteness is a limitation of the
subsequent therapy data. Of the 106 patients for whom the
total number of treatment lines was recorded, 69 (65.1 per-
cent) had received one line only at the data cut-off, 23 had
received two, and 14 had received three or more.

Discussion

In this consecutive series of 110 patients treated with
first-line pertuzumab, trastuzumab, and a taxane in rou-

Table 7. Subsequent lines of HER2 directed therapy after progression

Agent Patients treated, n Field completed for, n Percent Median cycles (range)
Trastuzumab emtansine 33 73 45.2 10 (1 to 36)
Lapatinib with capecitabine 11 72 153 10 (4 to 22)
Trastuzumab deruxtecan 6 51 11.8 11 (3to 19)

Denominators differ because the field was not completed for every patient. Of the 106 patients in whom the total number of treatment lines was recorded, 69 had re-
ceived one line, 23 two and 14 three or more at the data cut off.
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tine practice, median progression-free survival was 21.6
months, and median overall survival was 47.1 months,
measured from the first pertuzumab infusion. Performance
status and the number of involved metastatic sites were
the strongest prognostic factors for both endpoints, and
the prognostic nutritional index added independent infor-
mation for progression-free survival.

Our progression-free survival of 21.6 months is consistent
with, and slightly longer than, the 18.7 months report-
ed in CLEOPATRA®] and sits within the 18 to 24-month
range described in other real-world series” Overall sur-
vival of 47.1 months is shorter than the 57.1 months of
the CLEOPATRA final analysis' Two features of our cohort
bear on that comparison. First, our estimate is immature:
37 deaths had occurred among 110 patients, and median
follow-up was 33.4 months, so the median overall survival
is estimated at a point where a minority of the cohort had
been observed for that long, and the confidence interval
extends to not reached. Second, our patients were not se-
lected by trial criteria; the cohort includes patients up to
91 years of age, a fifth with diabetes, and a fifth with coro-
nary artery disease. We would therefore present the over-
all survival figure as a provisional estimate that requires
longer follow-up rather than as a mature result to be set
against the trial.

The prognostic value of performance status and of the
number of metastatic sites is consistent with a large body
of evidence in metastatic breast cancer,”'” and requires
little comment, although one qualification applies to the
site count in our data. Lymph nodes were involved in 95.5
percent of patients, so the count of involved sites is heavily
influenced by a category that is present in almost every-
one; when nodal disease is excluded, the distribution shifts
considerably. The association nevertheless persisted on
multivariable analysis and is biologically unsurprising, but
the variable should be understood as a measure of disease
extent in this specific coding rather than as a count of dis-
tant organ systems.

Our finding on presentation type deserves emphasis be-
cause it differs from what we initially expected. De novo
metastatic disease is frequently reported to carry a better
prognosis than metastatic recurrence in HER2-positive dis-
ease,?*?land a comparison in which survival is measured
from primary diagnosis will reproduce that pattern almost
by construction, since a patient whose metastatic disease
appears years after an initial diagnosis has already accumu-
lated that interval as survival time. When both groups are
measured from the same point, the start of pertuzumab
therapy, the difference in our cohort disappeared entire-
ly, with medians of 47.1 and 45.8 months. We regard the
choice of index date as the substantive issue here rather

than a technical one, and we would suggest that compar-
isons of de novo versus recurrent presentation are inter-
pretable only when the clock starts at a common event for
both groups.

The seven blood-based indices need to be read against
what the published estimates actually are, because our re-
sults agree with the literature in one place and contradict
it in three. Only the prognostic nutritional index survived
adjustment for performance status and disease extent, re-
taining an association with progression-free survival (haz-
ard ratio, 1.88; 95 percent Cl, 1.10 to 3.20) and falling just
short for overall survival (1.86, 0.92 to 3.78). That direction
matches a meta-analysis of 2,322 patients in which low pre-
treatment index values were associated with worse overall
survival,"™ and the biological reading is straightforward:
the index combines serum albumin with the absolute lym-
phocyte count, so it measures nutritional reserve alongside
immune status, and in a population on prolonged antibody
therapy, that composite may carry information that the
pure ratios do not.?” The neutrophil-to-lymphocyte ratio
and the systemic immune-inflammation index separated
overall survival before adjustment but not after it (p=0.212
and p=0.260), against pooled literature estimates for over-
all survival of 1.87 (1.41 to 2.48) and 1.97 (1.54 to 2.52), re-
spectively.'>?! Qur adjusted point estimates of 1.57 and
1.49 sit below those figures, with confidence intervals that
include them, so a cohort of 110 patients and 37 deaths
lacks the power to resolve an effect of that size, and this
is not a contradiction of it. Two features of the compari-
son deserve stating: the median cut-off for a high neutro-
phil-to-lymphocyte ratio across the pooled studies was 3.0,
while our cohort median was 2.52,[11] so our high stratum
is less extreme than the pooled one, and the two indices
agree on stratum in 88 of 110 patients, with a Spearman
correlation of 0.824, so they are near-duplicates here and
should not be counted as independent signals.

Three indices ran opposite to the literature. Pooled esti-
mates put a high pan-immune-inflammation value at 2.63
(1.46 to 4.74) and 2.045 (1.355 to 3.086) for overall survival,
and a high C-reactive protein-to-albumin ratio at 1.95 (1.71
to 2.22),2%621yet in our data, the strata predicted to fare
worse had the longer medians. It is worth noting where
those thresholds come from: the pan-immune-inflamma-
tion value was derived in operable breast cancer,”® and
cut-offs established in patients with resectable disease
need not transfer to a metastatic population receiving con-
tinuous antibody therapy, in whom counts are shaped by
treatment as much as by tumour burden. This was baseline
imbalance rather than biology, and it is the kind of con-
founding a cohort of this size invites: the apparently adverse
strata contained fewer patients with impaired performance
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status and fewer with three or more involved sites, and all
three associations vanished once those two variables en-
tered the model. Since seven indices were tested against
two endpoints, with cut-offs taken from our own medians
rather than the published ones and no correction for mul-
tiple testing, we treat the whole set, the prognostic nutri-
tional index included, as hypotheses for a larger series with
prespecified thresholds, and we propose none of them for
clinical use. Two quantitative statements make the limits of
this analysis explicit. Applying a Benjamini-Hochberg cor-
rection across the 14 tests in Table 1 leaves no index with a
false discovery rate below 0.05, the smallest being 0.126 for
the prognostic nutritional index against progression-free
survival, so none of these associations would survive for-
mal control of multiplicity. Separately, 37 deaths give 80
percent power only for hazard ratios of about 2.51 or larg-
er, whereas the pooled literature estimates lie between
1.87 and 1.97 and would need roughly 70 to 80 deaths; our
null results for the neutrophil-to-lymphocyte ratio and the
systemic immune-inflammation index are therefore unin-
formative rather than contradictory, and the prognostic
nutritional index finding, although the most robust in our
data, must be read as a hypothesis rather than a validated
prognostic marker.

The number of taxane cycles delivered strongly separated
survival on univariate analysis, and we do not interpret that
as a treatment effect. Cycles accumulate while a patient
remains alive and fit, so the variable partly encodes obser-
vation time; in this cohort, it correlated with follow-up at a
Spearman coefficient of 0.379, and in a landmark analysis
restricted to patients alive at six months, the association
fell to non-significance.'”'® (hazard ratio, 2.57; 95 percent
Cl, 0.86 to 7.68; p=0.090). The most direct external check
on this comes from CLEOPATRA itself, in which a post
hoc analysis grouped the 804 patients by the number of
docetaxel cycles received into fewer than six (n=119), ex-
actly six (n=210), and more than six (n=475), and applied
time-dependent multivariate Cox regression, which is the
same correction our landmark analysis approximates.>! Af-
ter accounting for the pertuzumab effect (progression-free
survival hazard ratio, 0.61; 95 percent Cl, 0.51 to 0.74; over-
all survival, 0.60; 95 percent Cl, 0.49 to 0.74), receiving more
than six cycles rather than exactly six conferred no signifi-
cant advantage in either progression-free survival (0.80; 95
percent Cl, 0.63 to 1.01; p=0.0640) or overall survival (0.88;
95 percent Cl, 0.69 to 1.12; p=0.3073), and the benefit of
pertuzumab held at every duration. Randomised evidence
outside the HER2 setting points the same way, with a me-
ta-analysis of chemotherapy-duration trials finding only
a marginal overall survival gain (0.91; 95 percent Cl, 0.84
to 0.99) and the MANTAT1 trial finding no difference at all.

13031 Against a trial that made the same comparison in the
same regimen and found nothing, the large separation in
our univariate data is most plausibly due to bias rather than
benefit. One difference in delivery deserves reporting: our
cohort was concentrated at exactly six cycles (75 of 110,
68.2 percent), with only 18 patients (16.4 percent) receiv-
ing more, whereas 59.1 percent of CLEOPATRA patients
received more than six, a markedly different distribution
(p<0.001). We therefore report the variable as a marker
of tolerability and clinical course, not as an argument for
prolonging taxane exposure, and we note that the trial evi-
dence gives no reason to expect benefit from doing so.

Cardiac tolerability was as expected for the regimen: me-
dian ejection fraction was unchanged at 60 percent, a fall
of ten points or more occurred in 3 patients, and 4 patients
had a value below 50 percent during treatment. One pa-
tient had a fall to 25 percent, which illustrates that clinically
important cardiac events do occur even where group me-
dians are unchanged and that reporting the median alone
would be misleading. The toxicity profile we can report was
otherwise mild, with all documented events being grade 1
or 2, but this must be read alongside the documentation
limitations described below.

The limitations of this study are substantial, and we set them
out explicitly. It is retrospective, conducted at two centres,
and its 110 patients provide limited power for subgroup
analysis; the confidence intervals around the subgroup
medians are correspondingly wide. Follow-up is immature
for overall survival, as discussed. Toxicity was documented
for between 51 and 65 patients, depending on the event,
so the toxicity denominators are smaller than the cohort,
and the percentages describe only those patients in whom
the event was recorded; diarrhoea and neutropenia were
not captured as fields at all, and their absence from our
results should not be read as absence from the cohort.
The subsequent therapy fields were similarly incomplete,
which is why we report those proportions against explicit
denominators. Response was assessed by RECIST version
1.1 in routine imaging at approximately three-month inter-
vals rather than at protocol-defined times, so progression
dates carry the ascertainment uncertainty inherent in re-
al-world imaging schedules, and objective response could
not be reconstructed retrospectively for the whole cohort
from the available records. Histological grade was not re-
corded in 9.1 percent of patients, and no imputation was
performed. Finally, the cut-off values for the inflalmmatory
indices were derived from this cohort, so they are internal-
ly optimal by construction and require external validation
before any clinical use. Brain metastasis was recorded in
only 7 patients (6.4 percent), which is well below the 30 to
50 percent lifetime incidence described for HER2-positive
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disease.*? Because brain imaging was performed for symp-
toms rather than by protocol screening, and screening of
asymptomatic patients is not currently recommended,[32]
our figure should be read as the proportion with clinical-
ly detected brain metastasis at any point during follow-up
and not as the true cumulative incidence.

Conclusion

In conclusion, first-line pertuzumab-based therapy in rou-
tine practice produced outcomes broadly consistent with
the registration trial for progression-free survival, with an
overall survival estimate that remains immature. Perfor-
mance status and metastatic burden were the dominant
prognostic factors, and the prognostic nutritional index
emerged as an inexpensive candidate marker for progres-
sion-free survival that warrants prospective evaluation. Our
data also indicate that the apparent prognostic advantage
of de novo presentation is a function of how survival time
is measured, and we would encourage the use of a treat-
ment-based index date in studies that include both de
novo and recurrent patients.
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