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ABSTRACT
◥

Purpose: Serum thymidine kinase 1 (sTK1) activity is associated
with poor prognosis inmetastatic breast cancer (MBC).We assessed
the prognostic effect of sTK1 in patients with hormone receptor–
positive MBC treated on a prospective randomized trial of anastro-
zole (A) versus A plus fulvestrant (A þ F).

Patients and Methods: sTK1 was assessed in 1,726 serums
[baseline (BL), cycles 2, 3, 4, and 7] using the DiviTum assay. A
prespecified cutoff of ≥200 Du/L was considered high. Progression-
free survival (PFS) and overall survival (OS) were analyzed by
Kaplan–Meier, log-rank tests, and Cox regression.

Results: BL sTK1 was elevated in 171 (40%) of 432 patients.
Patients with high versus low BL sTK1 had significantly worse PFS
[median 11.2 vs. 17.3 months, HR ¼ 1.76; 95% confidence interval

(CI; 1.43–2.16); P < 0.0001] and OS [median 30 vs. 58 months,
HR ¼ 2.38; 95% CI (1.91–2.98); P < 0.0001]. OS was significantly
better for patients with high sTK1 who did not have prior adjuvant
tamoxifen and who received A þ F versus A alone [median 46 vs.
21 months, HR ¼ 0.58; 95% CI (0.38–0.87); P ¼ 0.0087]. Patients
with low sTK1 had no difference in outcomes by therapy (P¼ 0.44).
At serial timepoints, high versus low sTK1 had significantly worse
subsequent PFS and OS [at cycle 2: PFS HR ¼ 1.70, 95% CI (1.34–
2.17); P < 0.0001, OS HR ¼ 2.51, 95% CI (1.93–3.26); P < 0.0001].

Conclusions: High sTK1 at BL and subsequent timepoints is
associated with worse prognosis in patients withMBC starting first-
line endocrine therapy (ET). Patients with low sTK1 at BL have
comparable outcomes on single-agent or combination ET.

Introduction
Endocrine therapy (ET), including the aromatase inhibitor ana-

strozole (A) and the selective estrogen receptor (ER) degrader fulves-
trant (F), is effective for the treatment of hormone receptor–positive
metastatic breast cancer (MBC), but resistance is a major clinical
problem (1). We have previously reported that in the SWOG pro-
spective randomized clinical trial S0226, the combination of A þ F
improves progression-free survival (PFS) and overall survival (OS) in

selected patients with MBC, specifically, in patients without prior
adjuvant tamoxifen (2, 3). Moreover, targeted agents such as CDK4/6
inhibitors (palbociclib, ribociclib, and abemaciclib), mTOR inhibitors
(everolimus), and a PIK3CA inhibitor (alpelisib) improve PFS when
combined with standard ET as first- and second-line therapy for
hormone receptor–positive MBC (4–7).

Combination ET or ET plus other targeted agents is associated with
increased toxicities and costs compared with single-agent ET. Thus,
identification of patients who may not need combination therapy
would serve to spare them these adverse events. Currently, there is no
tool available to help clinicians tailor treatment for each patient,
underlining the compelling need for identification of biomarkers of
resistance and response to ET agents (8, 9).

Thymidine kinase (TK) is a fundamental enzyme in DNA synthesis
and cellular proliferation (10). High versus low levels of cellular TK are
associated with poorer prognosis in many cancer types, including breast
(11, 12). TK has both cytosolic (TK1) and mitochondrial (TK2) forms
(13). TK1 activity can be measured in serum (sTK1) and is frequently
elevated in patients with cancer (11, 14). Preliminary studies have suggest-
ed that high sTK1 is associated with poor prognosis in MBC treated with
chemotherapy or ET (15–17). However, data from the latter are limited.

We conducted this prospective retrospective study of sTK1 in
specimens collected from participants in S0226 to test the hypothesis
that baseline and serial levels would be prognostic in patients with
hormone receptor–positive MBC treated with first-line ET.

Patients and Methods
S0226 conduct/study design

This was a prospectively designed retrospective translational med-
icine study of S0226 (ClinicalTrials.gov number NCT00075764), for
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which the conduct and final survival outcomes have been reported
previously (2, 3). All patients who were eligible and evaluable for
the primary analysis of S0226 (N ¼ 694) were considered for
inclusion in this study. The study was approved by an Institutional
Review Board at each participating site, and all participants (or
participant’s guardian) provided written informed consent before
enrollment. The study was conducted in accordance with the
International Conference on Harmonization Good Clinical Prac-
tice guidelines and provisions of the Declaration of Helsinki.
Submission of blood for future research was voluntary and all
patients who contributed blood gave written informed consent for
use of the serum samples.

Briefly, S0226 was a phase III, randomized clinical trial in which
postmenopausal women with previously untreated hormone
receptor–positive [ER-positive, progesterone receptor (PgR)-positive,
or both] MBC were randomly assigned to receive either 1 mg A orally
daily or to the combination of A þ F (F: 500 mg intramuscular
as loading dose, followed by 250 mg on days 14, 28 and 250 mg
maintenance monthly thereafter). Randomization was stratified by
prior adjuvant tamoxifen use (3). A prospectively written study plan
for this correlative study was approved by the NCTN Core Correlative
Science Committee.

Patient staging and follow-up
Details regarding patient eligibility, accrual, and overall conduct of

the trial have been reported previously (2). ER, PgR, and HER2 status
were determined locally by routine pathology at the treating
institutions.

Assessing TK1 activity by DiviTum assay
Serum samples from the designated collection timepoints of base-

line and cycles 2, 3, 4, and 7were included, if available. Cycle lengthwas
28 days. Serum samples were stored at the SWOG Specimen Repos-
itory. After removing identifying information, aliquots of approxi-
mately 1 mL for each timepoint were shipped to Biovica Inc. for
assessing the enzymatic activity of the sTK by the ELISA-based
DiviTum assay (Biovica, Inc.), according to the manufacturer’s
instructions and as reported previously (15). Biovica was blinded to
treatment assignment and outcome. The DiviTum assay has a
lower limit of quantitation of 20 DiviTum units per liter (Du/L).
Recommended working range is from 20 up to 4,000 Du/L or to the
plate reader’s asserted upper limit of detection if this limit corresponds
to a TK activity lower than 4,000 Du/L. At 100 Du/L, the assay

has a coefficient of variation (CV) lower than 20%. The TK activity
unit was originally determinedwith a reference sample of recombinant
TK. 1,000 Du/L corresponds to the activity that was obtained with
1,000 ng TK/L. Clinical samples have been observed to have activities
ranging from less than 10 Du/L to greater than 100,000 Du/L. All
specimens were assayed in duplicate and the final result is the mean of
both results. The overall CV of the specimens assayed in this study was
≤ 10%. If an individual sample had a larger CV between the duplicates,
the sample was reanalyzed.

Selection of cutoff for sTK
For this study, we chose a predetermined cut-off point of 200 Du/L

which was an approximate median from prior studies for the hormone
receptor–positive MBC population included in S0226 (18). As sec-
ondary analysis, we also explored the median sTK1 level and divided
the sTK1 values into quartiles (Supplementary Fig. S1).

Statistical analysis
Assay results were returned to SWOG Statistical Center for analysis

to determine the association between sTK levels and clinical outcomes
overall and then specifically for patients who had not received adjuvant
tamoxifen. The assigned treatment arms of A and A þ F were
compared using intent-to-treat analyses. The primary outcomes were
PFS (defined as time from randomization to progression or death due
to any cause) and OS (defined as time from randomization to death
from any cause), as prescribed in the parent clinical trial protocol.
Patients who did notmeet the outcome definition were censored at last
follow-up. Survival curves were estimated using the Kaplan–Meier
method; 95% confidence intervals (CI) for median (m)PFS and mOS
were calculated using themethod of Brookmeyer andCrowley. Testing
was by log-rank test and Cox regression with stratification on prior
adjuvant tamoxifen therapy when both strata are used. The analysis of
prognosis from cycle 2 values used a landmarked analysis starting at
56 days. A time-dependent Cox model was also used to include
baseline sTK1 and current value of sTK1 with stratification by prior
adjuvant tamoxifen use. In this analysis, the most recent measurement
of sTK1 was used as a time-dependent covariate with adjustment for
baseline sTK1.

All results are reported according to REMARK (Reporting recom-
mendations for tumour MARKer prognostic studies) criteria (19).

Results
Patient characteristics

A total of 707 patients were enrolled in S0226, but 13 were
ineligible, and therefore 694 were included in the original analysis
(Fig. 1; ref. 3). sTK1 was evaluated in 1,726 specimens which
wereevaluable from baseline or later timepoints [Baseline n ¼ 432
(62% of the 694 patients eligible for S0226); and at cycles 2, 3, 4, 7:
n ¼ 365, 342, 324, 263, respectively]. Not all patients had conse-
cutive specimen collection (e.g., specimens might have been available
at baseline and cycles 2 and 4, but not cycles 3 and 7).

The patients enrolled in this correlative sTK1 study subcohort had
similar characteristics to the original S0226 cohort (Table 1). Survival
outcomes did not differ between those patients that had baseline sTK1
values (n¼ 432) and those that did not (n¼ 262; P¼ 0.57 for PFS and
P ¼ 0.86 for OS in stratified log-rank tests). Treatment effects
comparing single agent A versus combination Aþ F were also similar
in this subset compared with the full cohort. Prior analyses (2, 3) had
shown that the benefit of the combination was only seen in the subset
without prior adjuvant tamoxifen treatment (N¼ 282/432; 65.3%), so
all prediction analyses were restricted to that subset.

Translational Relevance

Results of this study suggest that patients with hormone
receptor–positive metastatic breast cancer (HRþ MBC) with low
serum thymidine kinase 1 (sTK1) have a very favorable prognosis.
We speculate that low baseline sTK1 might identify patients who
have indolent disease and who will do well on first-line endocrine
therapy and could safely be treatedwith endocrinemonotherapy as
upfront treatment for theirmetastatic disease.We further speculate
that serial monitoring of sTK1 in MBC may allow early identifi-
cation of patients who are refractory to the chosen treatment and
who might benefit from switching to an alternative therapeutic
strategy prior to detecting evidence of radiographic disease pro-
gression. Further evaluation of the predictive potential of sTK1 in
HRþ MBC is warranted in prospective clinical trials.
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Furthermore, most characteristics were not significantly different
between the cohorts with high versus low sTK1, with a few exceptions.
Compared with low sTK1, patients with high sTK1 weremore likely to

havemeasurable disease (64% vs. 53%,P¼ 0.019) andmore likely to be
diagnosed as de novoMBC (48% vs. 36%, P¼ 0.012), but less likely to
have bone-only disease (13% vs. 25%, P ¼ 0.005).

N = 694 Patients (pts) eligible in original S0226 (N = 1,793 archived serum samples)

N = 432 pts with ≥1 vials of serum at BL (N = 1,726 archived serum samples)

High sTK1 N = 171 pts

No prior TAM N = 105 pts

Prior TAM N = 66 pts

Low sTK1 N = 261 pts

No prior TAM N = 155 pts

Prior TAM N = 106 pts

A alone
N = 58 pts

A + F
N = 47 pts

A alone 
N = 73 pts

A + F
N = 82 pts

N = 67 sera that were not part of the time points of the study

Baseline

Cycle 2: N = 365 pts

Cycle 3: N = 342 pts

Cycle 4: N = 324 pts

Cycle 7: N = 263 pts

Figure 1.

REMARK diagram for sTK1 analysis of S0226. Of
the 694 patients originally eligible for S0226, 432
had ≥1 vial serum samples stored at baseline and
assessable for TK1 level analysis.

Table 1. Comparison of clinical characteristics of full cohort versus sTK1 study cohorts.

sTK1 Cohort
Total S0226 trial Entire sTK1a High sTK1b Low sTK1

Total N 694c 432 171 261
Age median (range) 65 (27–92) 64 (27–92) 64 (27–91) 64 (40–92)

N (%) N (%) N (%) N (%)
Treatment assignment

Anastrozole alone (A) 345 (49.7%) 215 (49.8%) 90 (52.6%) 125 (47.9%)
Anastrozole þ fulvestrant (A þ F) 349 (50.3%) 217 (50.2%) 81 (47.4%) 136 (52.1%)

Prior adjuvant tamoxifen
Yes (Stratum 1) 280 (40.4%) 170 (39.8%) 66 (38.6%) 106 (40.6%)
No (Stratum 2) 414 (59.6%) 262 (60.2%) 105 (61.4%) 155 (59.4%)

Prior adjuvant chemotherapy
Yes 232 (33.4%) 150 (34.7%) 52 (30.4%) 98 (37.6%)
No 462 (66.6%) 282 (65.3%) 119 (69.6%) 163 (62.4%)

Disease type
Measurable 376 (54.2%) 248 (57.4%) 110 (64.3%) 138 (52.9%)
Non-measurable 318 (45.8%) 184 (42.6%) 61 (35.7%) 123 (47.1%)

Disease site
Bone only 149 (21.5%) 87 (20.1%) 23 (13.5%) 64 (24.5%)
Visceral 348 (50.1%) 217 (50.2%) 89 (52.0%) 128 (49.0%)
Non-visceral 197 (28.4%) 128 (29.6%) 59 (34.5%) 69 (26.4%)

Time between primary dx and metastatic disease (n ¼ 11 missing)
De novo 268 (39.2%) 176 (41.2%) 82 (48.8%) 94 (36.3%)
3 months–5 years 88 (12.9%) 53 (12.4%) 20 (11.9%) 33 12.7%)
5–10 years 135 (19.8%) 82 (19.2%) 29 (17.3%) 53 (20.5%)
>10 years 192 (28.1%) 88 (27.2%) 37 (22.0%) 79 (30.5%)

Number of events
PFS events 647 (93.2%) 403 (93.3%) 166 (97.1%) 237 (90.8%)
OS events 508 (73.2%) 321 (74.3%) 153 (89.5%) 168 (64.4%)

aNone of the characteristics was statistically significant between the total trial and the sTK1 cohort.
bThe differences between the high and low sTK1 cohortswere statistically significant for havingmeasurable disease (64% vs. 53%,P¼0.019), less likely to havebone-
only disease (13.5% vs. 24.5%, P ¼ 0.005), and more likely to be diagnosed as de novo MBC (49% vs. 36%, P ¼ 0.012).
cPatients eligible and evaluable for primary analysis of parent trial.
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Incidence of high sTK1 and median sTK1 at baseline and
follow-up timepoints

All the samples available were assessed using DiviTum assay with
an 100% evaluation rate. Serum TK1 was successfully analyzed in all
1,726 specimens and was elevated in 40% (171/432) of patients at

baseline. Median pretreatment level of sTK1 was 135 Du/L (range:
19–35,340; Supplementary Table S1). In serial specimens, sTK1 was
elevated in 28% (102/365), 21% (73/342), 17% (55/324), and 15%
(40/263) of patients at cycles 2, 3, 4, and 7, respectively. Median
sTK1 for the follow-up timepoints was 73 (19–28,470),
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Figure 2.

Kaplan–Meier curves for PFS at baseline. A, All patients in cohort by
sTK1 level (blue line, low sTK1; red line, high sTK1).B,Patientswith high
sTK1 and no prior tamoxifen by treatment arm (blue line, anastrozole
þ fulvestrant; red line, anastrozole). C, Patients with low sTK1 and no
prior tamoxifen according to treatment arm (blue line, anastrozoleþ
fulvestrant; red line, anastrozole).
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65 (19–20,140), 57 (19–55,250), and 50 Du/L (19–27,380) at cycles
2, 3, 4, and 7, respectively.

Clinical outcomes according to sTK1 level at baseline using the
prespecified cutoff
PFS

Overall, patients with high baseline sTK1 had significantly worse
PFS than those with low sTK1 [HR ¼ 1.76; 95% CI (1.43–2.16);
P < 0.0001; median PFS 11.2 vs. 17.3 months] (Fig. 2A; Table 2). This
strong prognostic effect was not altered by inclusion of treatment, age,
and disease characteristics in a multivariable analysis (Supplementary
Table S2). In patients with no prior adjuvant tamoxifen and high sTK1,
PFS was significantly better for those treated with Aþ F versus A alone
[HR ¼ 0.64; 95% CI (0.43–0.95); P ¼ 0.027; median PFS 13.6 vs.
8.7 months] (Fig. 2B;Table 2). Conversely, in patients with low sTK1,
we observed no difference in PFS between the A þ F versus A arms
[HR ¼ 0.85; 95% CI (0.61–1.19); P ¼ 0.34] (Fig. 2C) with no prior
adjuvant tamoxifen. The interaction of treatment arm and sTK1 was
not statistically significant, though power was low to test the interac-
tion (P ¼ 0.26). Patients with previous tamoxifen did not show a
treatment difference overall (2) or separately by sTK1 (Supplementary
Fig. S2A and S2B).

OS
Differences in OS for high versus low sTKI at baseline were more

pronounced than for PFS. Patients with high sTK1 had significantly
worse OS than those with low sTK1 [HR ¼ 2.38; 95% CI (1.91–2.98);
P < 0.0001; medianOS 30 vs. 58months] (Fig. 3A;Table 2). Even after
adjustment for treatment arm, age, and disease characteristics, sTK1
remained highly prognostic (any other variables prognostic in mul-
tivariable analysis). In patients with high sTK1 and no prior adjuvant
tamoxifen, OS was significantly better for those treated with combi-
national therapy (Aþ F) versus A alone (Fig. 3B;Table 2) [HR¼ 0.58;

95% CI (0.38–0.87); P ¼ 0.0087; 46 vs. 21 months], whereas for low
sTK1, we observed no difference in OS between the A þ F versus A
arms (Fig. 3C; Table 2) [HR ¼ 0.85; 95% CI (0.56–1.29); P ¼ 0.44].
Despite this apparent difference, there was not a statistically significant
interaction (P ¼ 0.16) between randomized treatment and sTK1 for
women with no prior tamoxifen.

In addition to the pre-set cut-off points, we performed an
exploratory analysis of PFS and OS by quartiles (Q: Q1 <58 Du/L;
Q2: 58–134; Q3: 135–491; Q4: >491) of sTK1, and observed a
statistically significant association for trend of increasing marker
levels (Q4 to Q1 gives a HR ¼ 2.09; 95% CI, 1.57–2.77; P < 0.0001
for PFS and HR ¼ 2.97; 95% CI, 2.16–4.07; P < 0.0001for OS;
Supplementary Fig. S1A and S1B).

Clinical outcomes according to sTK1 quartiles at baseline
sTK1 levels were also split into four different quartiles (Q) based on

pretreatment level (135 Du/L): Q1 <58 Du/L; Q2: 58–134; Q3: 135–
491; Q4: >491. PFS decreased over the four quartiles (Ptrend < 0.0001)
with medians 17.9, 15.0, 13.8, and 11.0 months, respectively. Com-
parison ofQ4withQ1 gives aHR¼ 2.09; 95%CI, 1.57–2.77;P< 0.0001
(Supplementary Fig. S1A). Likewise, OS also decreased over the four
quartiles (Ptrend < 0.0001) with medians 62.1, 52.6, 41.6, and
29.3 months, respectively. Comparison of Q4 with Q1 gives a
HR ¼ 2.97; 95% CI, 2.16–4.07; P < 0.0001 (Supplementary Fig. S1B).

Clinical outcomes according to sTK1 level at follow-up
timepoints during therapy

The prognostic role of sTK1 was also tested in subsequent time-
points in landmarked analyses. At cycle 2, patients with high sTK1
had significantly worse subsequent PFS than those with low values
(HR¼ 1.70; P < 0.0001; Fig. 4A). Likewise, serial monitoring of sTK1
levels during therapy at cycles 3, 4, and 7 was also significantly
associated with subsequent PFS (Fig. 4B–D), respectively. Patients

Table 2. HRs for high sTK1 versus low sTK1 at baseline for PFS and OS.

HR for high sTK1 vs. low sTK1 (95% CI)
PFS OS

Overall 1.76 (1.43–2.16) 2.38 (1.91–2.98)
Treatment assignment Pinteraction ¼ 0.64 Pinteraction ¼ 0.28

Anastrozole alone (A) 1.85 (1.38–2.46) 2.62 (1.91–3.57)
Anastrozole þ Fulvestrant (A þ F) 1.65 (1.23–2.22) 2.12 (1.54–2.93)

Prior adjuvant tamoxifen Pinteraction ¼ 0.20 Pinteraction ¼ 0.47
Yes (Stratum 1) 2.10 (1.50–2.93) 2.17 (1.53–3.06)
No (Stratum 2) 1.59 (1.23–2.06) 2.56 (1.91–3.43)

Prior adjuvant chemotherapy Pinteraction ¼ 0.59 Pinteraction ¼ 0.021
Yes 1.88 (1.31–2.70) 1.67 (1.14–2.46)
No 1.63 (1.27–2.09) 2.82 (2.12–3.75)

Disease type Pinteraction ¼ 0.24 Pinteraction ¼ 0.98
Measurable 1.62 (1.24–2.12) 2.41 (1.79–3.25)
Non-measurable 1.99 (1.44–2.76) 2.28 (1.62–3.24)

Disease site Pinteraction ¼ 1.00 Pinteraction ¼ 0.33
Bone only 1.84 (1.10–3.08) 1.96 (1.13–3.40)
Visceral 1.78 (1.33–2.37) 2.21 (1.61–3.04)
Non-visceral 1.68 (1.15–2.45) 2.97 (1.96–4.49)

Time between primary dx and metastatic disease (n ¼ 11 missing) Pinteraction ¼ 0.39 Pinteraction ¼ 0.86
De novo 1.45 (1.06–1.98) 2.52 (1.77–3.59)
3 months–5 years 1.38 (0.76–2.48) 2.54 (1.35–4.78)
5–10 years 2.26 (1.34–3.81) 2.14 (1.26–3.63)
>10 years 2.38 (1.55–3.67) 2.19 (1.38–3.49)
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that had sTK1 measurements at both baseline and cycle 2 were
classified by baseline and cycle 2: (i) pos-pos (n ¼ 72); (ii) pos-neg
(n ¼ 56); (iii) neg-pos (n ¼ 24); (iv); neg-neg (n ¼ 187). In a joint
model, baseline positive sTK1 remained significant [HR ¼ 1.63; 95%
CI (1.24–2.14); P ¼ 0.0004] while cycle 2 sTK1 was only marginal

[HR¼ 1.33; 95% CI (1.00–1.77); P¼ 0.053]. In a time-dependent Cox
model, both baseline sTK1 and most current value of sTK1 were
included in the same model and both were statistically significant:
Baseline [HR ¼ 1.57; 95% CI (1.25–1.97); P ¼ 0.0001; most current
[HR ¼ 1.40; 95% CI (1.08–1.81); P ¼ 0.010].
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Figure 4.

Kaplan–Meier curves at cycles 2, 3, 4, and 7 for PFS (A–D) and OS (E–H) according to sTK1 level, respectively (blue line, low sTK1; red line, high sTK1).
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Similar results were observed for OS. At cycle 2, high values had
significantly worse subsequent PFS than those with low values (OS
HR ¼ 2.51, P < 0.0001; Fig. 4E). Likewise, serial monitoring of sTK1
levels during therapy at cycles 3, 4, and 7 was significantly associated
with subsequent OS (Fig. 4F–H), respectively. Patients that had sTK1
measurements at both baseline and cycle 2 were modeled using both
values. Baseline positive sTK1 was significant [HR ¼ 2.02; 95% CI
(1.51–2.70); P < 0.0001] as was the cycle 2 sTK1 [HR ¼ 1.75; 95% CI
(1.29–2.37); P ¼ 0.0004]. In a time-dependent Cox model with both
baseline sTK1 and most current value of sTK1 both were statistically
significant: Baseline [HR¼ 1.92; 95%CI (1.51–2.43); P < 0.0001; Most
current [HR ¼ 1.96; 95% CI (1.47–2.61); P < 0.0001].

Discussion
In this prospective–retrospective translational medicine study, we

observed that high sTK1 using the DiviTum assay at BL is associated
with worse prognosis in patients with hormone receptor–positive
MBC starting first-line ET. In addition, high sTK1 at subsequent
timepoints was also associated with worse PFS and OS. Furthermore,
in patients with high BL sTK1 and no prior adjuvant tamoxifen, PFS
and OS were significantly better for those treated with Aþ F versus A
alone (PFS: P ¼ 0.027; OS: P < 0.0001), whereas PFS and OS did not
differ between Aþ F versus A alone for those with low BL sTK1 levels
(PFS: P ¼ 0.34; OS: P ¼ 0.44).

The results of this study are consistent with previous reports in
which BL sTK1 was demonstrated to be prognostic in patients with
MBC on chemotherapy or ET alone or in combination with other
agents (15–18, 20, 21). Our results are also concordant with those
reported in theTREnd trial, where it was noted that increases in plasma
TK1 levels at 4 weeks were associated with worse PFS compared with
those with stable or decreasing plasma TK1 levels in patients with
hormone receptor–positiveMBC treatedwithCDK4/6 inhibitors with
or without ET (21). Similarly, in S0226, patients with high sTK1 at
cycle 2 had worse PFS and OS compared with those patients with low
sTK1. However, our study was exclusively conducted in patients with
MBC starting first-line ET in patients treated either with A alone or
A þ F and TK1 was investigated in serum instead of plasma. Our
results are partially dissimilar from those of other investigators, who
have found that changes from 3 months to 6 months during therapy
are significantly correlated to PFS and OS, whereas early changes were
not correlated (18).

Taken together with results from previous studies, our results
suggest that there are several potential practical applications for
sTK1 in the care of patients with MBC. For example, because
patients treated in S0226 with low BL sTK1 had nearly identical
PFS and OS regardless of whether they received monotherapy or
combination ET, baseline sTK1 could potentially be used to select
patients best suited for endocrine monotherapy (mono-ET) as
upfront treatment, whereas those with elevated sTK1 appeared to
benefit from combination A þ F.

Furthermore, these results suggest that perhaps sTK1might be used
to identify patients who might not need the addition of CDK4/6
inhibitors to first-line ET. It is possible that patients with low baseline
sTK1 have indolent disease and may have excellent clinical outcomes
with first-line mono-ET. At present, the current standard of care for
patients with hormone receptor–positive MBC is to treat all patients
with this combination upfront, exposing them to the additional
toxicity and cost of the CDK4/6 inhibitors. Our data suggest that
patients with low baseline sTK1 have indolent disease andmay do well
with single-agent first-line ET. We speculate that identification of this

fraction of patients with ER-positiveMBCwho are very highly likely to
benefit from ETmonotherapy would help these patients to avoid, or at
least delay, these adverse complications. In contrast, our data, con-
sistent with those by McCartney and colleagues (17), also suggest that
high sTK1 levels following initiation of a systemic therapymay identify
patients who are resistant to the chosen treatment and might benefit
from an alternative strategy. Each of these hypotheses would need to be
validated in prospective clinical trials.

Strengths of this study include that samples were obtained from a
prospective, randomized clinical trial (S0226) with robust clinical
outcomes data. In addition, serum samples at BL and at subsequent
timepoints were available from a large number of trial participants,
with very similar characteristics between the cohort analyzed in this
study and the overall patient population of the S0226 study. The
patients included in this cohort were also well balanced across treat-
ment arms. Weaknesses of this study include that patients enrolled in
S0226 are not necessarily representative of our current population of
patients with hormone receptor–positive MBC initiating first-line ET.
For example, many patients in S0226 had de novo metastatic disease,
and were therefore ET na€�ve at study entry. In current practice, most
patients who present with hormone receptor–positive MBC have
previously received adjuvant tamoxifen or aromatase inhibition in
the early-stage setting. Furthermore, in the S0226 study, the dose of
fulvestrant (250 mg administered intramuscularly) administered was
lower than that currently used (500mg intramuscularly) and there was
no single-agent F arm. It is unknown if the superior clinical outcomes
comparing the combination of Aþ F versus A alone would have been
even greater if the higher dose of F had been administered to all
patients, or if single-agent higher dose F alone would give similar
results.

In conclusion, the results of this translational medicine study
suggest that BL sTK1 identified patients with hormone receptor–
positive MBC with a very favorable prognosis. We speculate that low
BL sTK1might identify patients who have indolent disease andmay do
well for a long time with first-line ET alone and could safely be treated
with mono-ET as upfront treatment for their metastatic disease.
Delaying CDK4/6 ormTOR inhibitorsmight bewarranted, decreasing
toxicity and cost of therapy. We further speculate that serial moni-
toring of sTK1 in MBC may allow early identification of patients who
are refractory to the chosen treatment and who might benefit from
switching to an alternative therapeutic strategy prior to detecting
evidence of radiographic disease progression. Further evaluation of
the predictive potential of sTK1 in hormone receptor–positive MBC is
warranted in prospective clinical trials.
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