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Abstract: This retrospective cohort study aimed to investigate clinicopathological differences between early and late
recurrence in young breast cancer patients aged 40 years or younger, identify independent prognostic factors for
post-recurrence overall survival (prOS), and develop and validate a nomogram model for predicting prOS. A total of
515 breast cancer patients initially diagnosed between January 2018 and January 2022 at The First Affiliated Hos-
pital of Xi’an Jiaotong University were consecutively enrolled. All patients were aged 40 years or younger and expe-
rienced first recurrence during follow-up, which continued until January 2026. Patients diagnosed between January
2018 and December 2020 comprised the training cohort (n=294), while those diagnosed between January 2021
and January 2022 formed the temporal validation cohort (n=221). Early recurrence was defined as first recurrence
within 24 months of initial treatment; late recurrence occurred beyond 24 months. The training and validation co-
horts showed comparable baseline clinicopathological characteristics (all P>0.05). In the training cohort, patients
with early recurrence exhibited more aggressive tumor features and higher rates of distant and visceral metastasis
compared to those with late recurrence. Median prOS in the training cohort was 55 months, with significantly short-
er prOS in the early recurrence group (P<0.001). Multivariate Cox regression identified the following as independent
risk factors for prOS: early recurrence (hazard ratio [HR]=2.578, 95% confidence interval [CI]: 1.711-3.883), tumor
size T3-T4 (HR=1.950, 95% Cl: 1.321-2.878), lymph node positivity (HR=2.190, 95% Cl: 1.512-3.172), human epi-
dermal growth factor receptor 2 (HER2)-overexpressing subtype (HR=2.347, 95% CI: 1.255-4.387), triple-negative
breast cancer (TNBC) (HR=2.293, 95% Cl: 1.250-4.205), receipt of neoadjuvant chemotherapy (HR=1.782, 95% CI:
1.277-2.488), and age younger than 35 years (HR=1.424, 95% Cl: 1.012-2.003). The nomogram was constructed
based on these factors. In the training cohort, the area under the curve (AUC) for predicting 1-year, 3-year, and
5-year prOS was 0.845, 0.820, and 0.649, respectively, with a concordance index (C-index) of 0.756. In the valida-
tion cohort, AUC values were 0.720, 0.725, and 0.601, respectively, with a C-index of 0.658. Calibration curves and
decision curve analysis demonstrated acceptable predictive accuracy and clinical utility. In conclusion, early recur-
rence serves as an important predictor of poor post-recurrence survival in young breast cancer patients aged 40
years or younger. The nomogram incorporating recurrence timing, tumor burden, and molecular subtype can predict
prOS with reasonable accuracy and may guide clinical risk stratification and individualized management.
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Introduction afflicted by this condition. In 2022, the number
of new cases and death due to breast cancer
in women of China were about 357000 and

75000, accounting for 15.59% and 7.94% of all

Breast cancer is the most frequent cancer seen
in women around the world and is a leading

cause of cancer death in women. In 2020,
there were approximately 2.3 million new cases
of breast cancer and 685,000 deaths from
this disease globally [1]. China is increasingly

female malignancies, respectively [2]. Notably,
Chinese women suffering from breast cancer
are diagnosed in their 45 to 54 years age group,
a decade earlier than in the West [3]. The inci-
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dence of breast cancers is increasing in young
Chinese women (under the age of 40 years)
according to recent epidemiological data. The
20-34 age-group in rural areas is witnessing
an annual growth of up to 9.0% [4]. The rising
incidence and changing epidemiology of bre-
ast cancer among young women necessitate
research focused on this group, especially in
China.

Breast cancer patients who are aged 40 and
younger tend to account for 5%-7% of all breast
cancer cases [5]. Young women with breast
cancer have different biological behavior and
clinicopathological characteristics than older
patients. According to studies, younger pati-
ents are more often diagnosed with high-grade
tumors that are hormone receptor negative,
HER2 overexpressed, and triple-negative bre-
ast cancer (TNBC) [6]. An analysis of the Unit-
ed States Surveillance, Epidemiology, and End
Results (SEER) database on a large scale
showed that women aged below 40 were more
likely to be diagnosed with the HER2-positive
or triple-negative subtypes and at a more
advanced stage (all P<0.001) [7]. Younger bre-
ast cancer patients have a worse prognosis
than older patients, despite treatment advanc-
es. The populations have achieved only minor
improvements in survival over recent decades
[8]. The combined effects of these adverse bio-
logical and clinical features result in an elevat-
ed risk of recurrence and a worse prognosis
over the long term in younger patients, neces-
sitating an understanding of the patterns of
recurrence and post-recurrence prognosis in
this subset of patients for clinical relevance.

The recurrence of breast cancer has a serious
impact on long-term survival. Around 25-30%
of patients will have their disease recurring,
and die of metastatic disease [9]. The timing of
recurrent events is an important prognostic
marker that is clinically defined as early versus
late recurrence. The patterns of recurrence
are different for different molecular subtypes.
Triple-negative breast cancer (TNBC) are asso-
ciated with an earlier recurrence, whereas hor-
mone receptor-positive breast cancer are link-
ed to ongoing late recurrence that may occur
more than 20 years after diagnosis [10, 11].
A study of a large cohort of Danish breast can-
cer patients found that, amongst patients who
lived a disease-free interval of 10 years, 16.6%
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experienced a recurrence between years 10
and 32. For those diagnosed before the age of
40 years, this was an independent risk factor
for late recurrence [12]. Nonetheless, though
these analyses have described the timing and
risk of a recurrence, those did mainly predict an
initial recurrence event. Recurrence in younger
patients has not been studied as much. What
happens after it? Once a recurrence has hap-
pened, the clinical course would be very differ-
ent and the factors that would influence later
survival would be quite different from those
determining the first recurrence. The inability to
accurately predict the clinical course of breast
cancer in young adults can potentially result in
treatment under- or overtreatment.

Post-recurrence overall survival (prOS) is an
important prognostic factor in recurrent breast
cancer. The timing of recurrence, the molecular
subtype, the site of metastases, and response
to treatment affect prOS [13]. Nonetheless, the
majority of previous studies mainly predicted
the recurrence risk in breast cancer broadly
rather than in young patients, thus failing to
delineate the prognostic significance of early
or late recurrence. It remains unclear whether
recurrence that occurs earlier may bear worse
prognostic implications than later recurrence
in this age group and whether the prognostic
impact varies by molecular subtypes and me-
tastatic sites. In addition, clinicopathological
differences in early and late recurrence, prOS
variation across molecular subtypes and recur-
rence sites, as well as precise prediction mod-
els for prOS in young patients require further
exploration. No existing study has reported any
nomogram specifically for predicting prOS in
young patients with recurrent breast cancer.
Nevertheless, nomograms are intuitive and
practical tools that have been widely used for
individualized risk prediction for several malig-
nancies [14]. Due to specific biological behav-
iour and worse prognosis in young patients with
breast cancer, a specific tool that predicts
recurrence timing in conjunction with standard
clinicopathological factors would add clinically
meaningful value in individualized post-recur-
rence management.

With this background, our study aimed to
compare clinicopathological characteristics be-
tween early and late recurrence in young breast
cancer patients aged 40 years or younger, to
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determine independent prognostic factors af-
fecting prOS, and to develop and validate a
nomogram predicting prOS. As far as we know,
this study is the first to describe post-recur-
rence survival outcomes in young breast can-
cer patients by adding recurrence timing, tumor
burden, and molecular subtype to a validated
prognostication model. Furthermore, we aimed
to use a validation cohort for making sure our
results are generalizable to be beyond a single
institution. We expect that the discovery of
research-based evidence for tailored manage-
ment and prognosis prediction of recurrent
breast cancer in young patients will enhance
risk stratification and clinical decision-making
of patients in this scenario.

Methods and data
Study design and participants

The research used a retrospective cohort
design. We enrolled breast cancer patients
with initial diagnoses from January 2018 until
January 2022 successively at The First Affiliat-
ed Hospital of Xi'an lJiaotong University. Pa-
tients aged 40 years or younger with pathologi-
cally confirmed breast cancer who experienced
first recurrence during follow-up were eligible.
Follow-up continued till January 2026 or death,
whichever occurred first. A grand total of 515
patients were included. The training cohort
(n=294) consisted of patients diagnosed from
January 2018 to December 2020, while January
2021 to January 2022 patients made up the
temporal validation cohort (n=221). This study
was approved by the Institutional Ethics Com-
mittee of The First Affiliated Hospital of Xi'an
Jiaotong University (Approval No.: XJTU1AF-
2023LSL-020, December 2023). Informed con-
sent was conducted according to ethics com-
mittee requirements given the study’s retro-
spective nature (Figure S1).

Sample size and statistical power

The main objective of this study was overall sur-
vival in the patient with prostate cancer and the
main outcome size was reported as hrr Sample
size calculation was done using Schoenfeld
event number methodology. The required num-
ber of death events (D) can be calculated ac-
cording to the following formula: D = (Z, , +
21_8)2/([In(HR)]2 x p(1-p)), where o is the two-
sided significance level, 1-B is the statistical
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power, and p is the proportion of patients with
early recurrence in the total population. If the
proportion of patients destined to die from
these causes is q, total sample size is derived
as N = D/q. Previous research indicates that
early recurrence is significantly associated with
poor prognosis. According to relevant resear-
ch and meta-analyses, effect sizes have been
reported to usually fall within the HR range of
1.5-2.0 [11, 15, 16]. Younger patients also
show differences in late recurrence risk [12]. In
light of this evidence, we set HR=1.68 (based
on [16]), for sample size estimation with o=
0.05, power 1-=0.80, early recurrence propor-
tion P=0.50, proportion of event death q=0.50
(based on [11]). The value of D117 events and
N~234 patients was obtained by substituting
values (ZM/Z=1.96, 21,B=O.84, In(1.68)=0.519).
Sensitivity analysis indicated that when HR=2.0
approximately 130 patients would be required.
N ~ 314 patients needed when power rises to
90% (Z,,=1.28) with HR=1.68. The final sam-
ple of 515 recurrent breast cancer patient
exceeds the necessary maximum requirement
across these scenarios (about 314) so we are
powered enough to detect prOS differences
resulting from early or late recurrence.

Inclusion and exclusion criteria

Inclusion criteria were: (1) Female patients
aged 40 years or younger at initial diagnosis;
(2) Pathologically confirmed invasive breast
cancer by surgical excision or core needle biop-
sy; (3) Received standardized initial treatment
(surgery with or without adjuvant/neoadjuvant
therapy) at the study institutions; (4) Experien-
ced first documented recurrence (locoregional
recurrence or distant metastasis) during follow-
up, confirmed by imaging, pathology, or clinical
evidence; (5) Complete baseline clinicopatho-
logical data and follow-up records available for
statistical analysis; (6) Follow-up duration from
initial diagnosis to first recurrence or last con-
tact was at least 3 months.

Exclusion criteria were: (1) Stage IV (de novo
metastatic) disease at initial diagnosis; (2)
Ductal carcinoma in situ (DCIS) or other non-
invasive breast pathology without invasive
component; (3) History of other primary malig-
nancies (excluding cured non-melanoma skin
cancer or cervical carcinoma in situ); (4) Bila-
teral breast cancer at initial diagnosis; (5) Male

Am J Cancer Res 2026;16(3):882-904



Nomogram for post-recurrence survival in young breast cancer

breast cancer; (6) Recurrence status uncon-
firmed or unable to determine the timing of
first recurrence; (7) Unable to ascertain surviv-
al outcome (lost to follow-up immediately af-
ter recurrence with no survival information
available); (8) Missing key variables (including
molecular subtype, tumor size, or lymph node
status) that could not be supplemented throu-
gh medical record review.

Data collection and variable definitions

Demographic characteristics, tumor features,
treatment information, and recurrence/metas-
tasis patterns were extracted from electronic
medical records and follow-up data. Demogra-
phic and recurrence-related variables included
age (stratified as <35 years vs. 36-40 years),
recurrence type (early vs. late recurrence, with
early recurrence defined as first recurrence
within 24 months of initial treatment and late
recurrence as beyond 24 months), and prOS
(time from first recurrence confirmation to
death or last follow-up).

Tumor clinicopathological characteristics in-
cluded tumor size (T1-T2, T3-T4), histological
grade (I, I, lll), lymph node status (NO, N1-N3),
estrogen receptor (ER) status, progesterone
receptor (PR) status, HER2 status, Ki-67 ex-
pression (low expression <30%, high expres-
sion >30%), and molecular subtype (Luminal
A, Luminal B, HER2-overexpressing, TNBC).
Treatment-related variables included surgical
approach (mastectomy/breast-conserving sur-
gery), neoadjuvant chemotherapy (yes/no), ad-
juvant chemotherapy (yes/no), adjuvant radio-
therapy (yes/no), and adjuvant endocrine ther-

apy (yes/no).

Recurrence/metastasis pattern variables were
recorded at first recurrence and included dis-
tant metastasis, locoregional recurrence, bone
metastasis, liver metastasis, lung metastasis,
brain metastasis, visceral metastasis, and
multi-organ metastasis (all yes/no). First recur-
rence sites were stratified by priority order:
brain metastasis, visceral metastasis (non-
brain), bone-only metastasis, and locoregional
recurrence.

Measurement methods

Tumor clinicopathological characteristics, in-
cluding tumor size, histological grade, and
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lymph node status, were determined based on
pathological reports from surgical excision or
core needle biopsy specimens obtained at the
time of initial diagnosis. ER, PR, HER2, and
Ki-67 status were assessed using immuno-
histochemistry on the same initial diagnostic
specimens. Testing was performed by the
pathology department. Immunohistochemical
staining was conducted on Ventana Bench-
Mark XT/ULTRA platforms (Roche Diagnostics,
Basel, Switzerland). Antibody reagents includ-
ed ER (clone SP1), PR (clone 1E2), HER2 (clone
4B5), and Ki-67 (clone MIB-1), all supplied by
Roche/Ventana.

Treatment-related variables, including surgi-
cal approach, neoadjuvant chemotherapy, ad-
juvant chemotherapy, adjuvant radiotherapy,
and adjuvant endocrine therapy, were recorded
based on the treatment administered during
the initial treatment period prior to disease
recurrence.

First recurrence and metastatic sites were doc-
umented at the time of first recurrence confir-
mation through imaging examinations, patho-
logical evidence, and comprehensive clinical
assessment based on medical records and
follow-up data. Recurrence type (locoregional
recurrence or distant metastasis) and specific
metastatic sites were recorded according to
the primary manifestation at first recurrence.

Outcome measures

The primary outcome was prOS. Secondary
outcomes included: comparability of baseline
characteristics between training and validation
cohorts; clinicopathological differences bet-
ween early and late recurrence in the training
cohort; prOS differences stratified by molecu-
lar subtype and first recurrence site; internal
validation performance of the prediction model
in the training cohort (discrimination, calibra-
tion, and clinical net benefit); external valida-
tion performance in the validation cohort; and
prOS differences between risk groups based
on risk score stratification.

Statistical analysis

All statistical analyses were performed using R
4.5.2 (R Foundation for Statistical Computing,
Vienna, Austria) and SPSS 27.0 (IBM Corp.,
Armonk, NY, USA). Categorical variables were
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expressed as counts (percentages) and com-
pared using chi-square test or Fisher's exact
test. Continuous variables were described as
mean + standard deviation or median (inter-
quartile range) according to the data distribu-
tion, and compared using Student’s t-test or
Mann-Whitney U test as appropriate. The analy-
sis of survival data utilized the Kaplan-Meier
method and log-rank test for relevant compa-
risons of groups. Univariate and Multivariate
analyses were performed using Cox proportion-
al hazards regression and results were report-
ed as hazard ratio (HR) and 95% confidence
interval (Cl). Using a Cox regression model for
multivariable analysis, the variables selection
strategy was as follows. First, univariate Cox
regression analysis was conducted for all clini-
copathological and treatment-related variab-
les. Any variable that shows P<0.05 in univari-
ate analysis will be considered a candidate for
the multivariate model. Before entering the
multivariate model, variance inflation factor
(VIF) was calculated to assess and control
multicollinearity between those variables. The
absence of significant collinearity was indicat-
ed with VIF<5. Again, moderate collinearity was
indicated with 5<VIF<10. Finally, VIF>10 indi-
cated severe collinearity. Sequentially, vari-
ables with high collinearity were removed
based on clinical relevance and VIF values un-
til all VIFs of remaining variables were ac-
ceptable. The other candidate variables were
entered using the backward stepwise selection
method (likelihood ratio test) into the multivari-
ate Cox proportional hazards regression model
with an entry criterion of P<0.05 and removal
criterion of P>0.10. Schoenfeld residuals and
residual trend plots over a timeline were used
to test the proportional hazards assumption. A
global test P>0.05 suggested that overall the
model satisfied the proportional hazards as-
sumption. A nomogram was generated relying
on the final multivariate Cox model. The concor-
dance index (C-index) was calculated using
Bootstrap resampling (n=1000) for internal
validation, The discrimination of each model
was assessed through time-dependent receiv-
er operating characteristic (ROC) curves and
area under the curve (AUC). The calibration
curves, Brier score, and Hosmer-Lemeshow
(H-L) test evaluated calibration. Decision curve
analysis (DCA) was used in assessing clinical
utility. The Cox model served as the basis for
calculating individual risk scores. The median

886

risk score (1.668) of the training cohort was
used to classify both cohorts into high-risk and
low-risk training and validation cohorts. The
prognostic outcome group was compared using
Kaplan-Meier curves. All tests were performed
two-sided and were statistically significant at
P<0.05.

Results

Comparability of baseline characteristics be-
tween training and validation cohorts

This study enrolled 515 recurrent breast can-
cer patients aged 40 years or younger, with
294 in the training cohort and 221 in the vali-
dation cohort. The two cohorts showed no sta-
tistically significant differences in recurrence
type (P=0.918), age (P=0.373), tumor size
(P=0.677), histological grade (P=0.905), lymph
node status (P=0.068), ER status (P=0.283),
PR status (P=0.714), HER2 status (P=0.964),
Ki-67 expression (P=0.684), molecular sub-
type (P=0.730), surgical approach (P=0.679),
neoadjuvant chemotherapy (P=0.458), adju-
vant chemotherapy (P=0.847), adjuvant radio-
therapy (P=0.880), adjuvant endocrine the-
rapy (P=0.644), distant metastasis (P=0.502),
locoregional recurrence (P=0.115), bone me-
tastasis (P=0.589), liver metastasis (P=0.346),
lung metastasis (P=0.966), brain metastasis
(P=0.595), visceral metastasis (P=1.000), or
multi-organ metastasis (P=0.340). All P values
exceeded 0.05, demonstrating good compara-
bility between cohorts (see Table S1).

Clinicopathological differences between early
and late recurrence in the training cohort

Regarding demographic and tumor characteris-
tics, the early recurrence group had a higher
proportion of patients aged 35 years or young-
er (568.16% vs. 45.75%, P=0.033), more T3-T4
tumors (23.40% vs. 12.42%, P=0.014), mo-
re histological grade Il tumors (51.06% vs.
31.37%, P<0.001), and higher lymph node pos-
itivity rates (77.30% vs. 60.13%, P=0.002).

Molecular markers were evaluated, the early
recurrence group showed a significantly higher
rate of ER negativity at 72.34% versus 39.87%
in the late recurrence group (P<0.001). PR ne-
gativity was also higher at 76.60% versus
54.25% (P<0.001), as was the high Ki-67 ex-
pression at 53.19 versus 37.91% in the late
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Table 1. Comparison of clinicopathological characteristics between early and late recurrence groups

in the training cohort

Early Recurrence

Late Recurrence

Characteristic Total (n=141) (n=153) Statistic P value

Age (years) 4.521 0.033
36-40 years 142 (48.30%) 59 (41.84%) 83 (54.25%)
<35 years 152 (51.70%) 82 (58.16%) 70 (45.75%)

Tumor size 6.083 0.014
T1-T2 242 (82.31%) 108 (76.60%) 134 (87.58%)
T3-T4 52 (17.69%) 33 (23.40%) 19 (12.42%)

Histological grade 14.853 <0.001
Grade | 40 (13.61%) 11 (7.80%) 29 (18.95%)
Grade Il 134 (45.58%) 58 (41.13%) 76 (49.67%)
Grade llI 120 (40.82%) 72 (51.06%) 48 (31.37%)

Lymph node status 10.008 0.002
N1-3 201 (68.37%) 109 (77.30%) 92 (60.13%)
NO 93 (31.63%) 32 (22.70%) 61 (39.87%)

ER status 31.318 <0.001
Negative 163 (55.44%) 102 (72.34%) 61 (39.87%)
Positive 131 (44.56%) 39 (27.66%) 92 (60.13%)

PR status 16.101 <0.001
Negative 191 (64.97%) 108 (76.60%) 83 (54.25%)
Positive 103 (35.03%) 33 (23.40%) 70 (45.75%)

HER2 status 3.151 0.076
Negative 187 (63.61%) 97 (68.79%) 90 (58.82%)
Positive 107 (36.39%) 44 (31.21%) 63 (41.18%)

Ki-67 expression 6.918 0.009
Low (<30%) 161 (54.76%) 66 (46.81%) 95 (62.09%)
High (=30%) 133 (45.24%) 75 (53.19%) 58 (37.91%)

Molecular subtype 45.867 <0.001
Luminal A 57 (19.39%) 18 (12.77%) 39 (25.49%)
Luminal B 94 (31.97%) 33 (23.40%) 61 (39.87%)
HER2-overexpressing 66 (22.45%) 28 (19.86%) 38 (24.84%)
TNBC 77 (26.19%) 62 (43.97%) 15 (9.80%)

Surgical approach 0.082 0.774
Mastectomy 181 (61.56%) 88 (62.41%) 93 (60.78%)
Breast-conserving surgery 113 (38.44%) 53 (37.59%) 60 (39.22%)

Neoadjuvant chemotherapy 4.112 0.043
No 166 (56.46%) 71 (50.35%) 95 (62.09%)
Yes 128 (43.54%) 70 (49.65%) 58 (37.91%)

Adjuvant chemotherapy 0.075 0.784
No 20 (6.80%) 9 (6.38%) 11 (7.19%)
Yes 274 (93.20%) 132 (93.62%) 142 (92.81%)

Adjuvant radiotherapy 2.497 0.114
No 135 (45.92%) 58 (41.13%) 77 (50.33%)
Yes 159 (54.08%) 83 (58.87%) 76 (49.67%)

Adjuvant endocrine therapy 17.531 <0.001

No
Yes
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163 (55.44%)
131 (44.56%)

96 (68.09%)
45 (31.91%)

67 (43.79%)
86 (56.21%)
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Distant metastasis
No
Yes

Locoregjonal recurrence
No
Yes

Bone metastasis
No
Yes

Liver metastasis
No
Yes

Lung metastasis
No
Yes

Brain metastasis
No
Yes

Visceral metastasis
No
Yes

Multi-organ metastasis
No
Yes

67 (22.79%)
227 (77.21%)

166 (56.46%)
128 (43.54%)

174 (59.18%)
120 (40.82%)

207 (70.41%)
87 (29.59%)

216 (73.47%)
78 (26.53%)

265 (90.14%)
29 (9.86%)

149 (50.68%)
145 (49.32%)

261 (88.78%)
33 (11.22%)

25 (17.73%)
116 (82.27%)

96 (68.09%)
45 (31.91%)

89 (63.12%)
52 (36.88%)

87 (61.70%)
54 (38.30%)

93 (65.96%)
48 (34.04%)

117 (82.98%)
24 (17.02%)

55 (39.01%)
86 (60.99%)

114 (80.85%)
27 (19.15%)

3.940 0.047
42 (27.45%)
111 (72.55%)

14.889 <0.001
70 (45.75%)
83 (54.25%)

1.738 0.187
85 (55.56%)
68 (44.44%)

9.856 0.002
120 (78.43%)
33 (21.57%)

7.844 0.005
123 (80.39%)
30 (19.61%)

15.611  <0.001
148 (96.73%)

5 (3.27%)

14.770 <0.001
94 (61.44%)
59 (38.56%)

17.075 <0.001

147 (96.08%)
6 (3.92%)

Note: ER, Estrogen receptor; PR, Progesterone receptor; HER2, Human epidermal growth factor receptor 2; TNBC, Triple-nega-

tive breast cancer.

recurrence group (P=0.009). Analysis of mo-
lecular subtype showed that early recurrence
(43.97%) prevalence of triple-negative breast
cancer (TNBC) in contrast to late recurrence
(25.49% Luminal A + 39.87% Luminal B) P<
0.001. In terms of management, more pa-
tients in the early recurrence group under-
went the neoadjuvant chemotherapy (49.65%
vs. 37.91%; P=0.043) whereas less received
the adjuvant endocrine therapy (31.91% vs.
56.21%; P<0.001). The HER2 status (P=0.076),
surgical approach (P=0.774), adjuvant chemo-
therapy (P=0.784), and adjuvant radiotherapy
(P=0.114) were not significantly different be-
tween the two groups.

For recurrence and metastasis patterns, the
early recurrence group had significantly higher
rates of distant metastasis (82.27% vs. 72.55%,
P=0.047), liver metastasis (38.30%vs. 21.57%,
P=0.002), lung metastasis (34.04% vs. 19.61%,
P=0.005), brain metastasis (17.02% vs. 3.27%,
P<0.001), visceral metastasis (60.99% vs.
38.56%, P<0.001), and multi-organ metastasis
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(19.15% vs. 3.92%, P<0.001). The early recur-
rence group had lower locoregional recurren-
ce rates (31.91% vs. 54.25%, P<0.001). Bone
metastasis rates did not differ significantly be-
tween groups (36.88% vs. 44.44%, P=0.187)
(see Table 1).

Survival analysis of post-recurrence overall
survival in the training cohort

Median prOS in the 294 training cohort patients
was 55 months. The 1-year, 2-year, 3-year, and
5-year prOS rates were 83.0%, 72.1%, 61.9%,
and 46.3%, respectively.

Stratified analysis by recurrence timing re-
vealed significant prOS differences between
early and late recurrence groups (P<0.001).
Median prOS was 32 months in the early re-
currence group, while median prOS was not
reached in the late recurrence group. Using the
late recurrence group as reference, the early
recurrence group showed significantly elevated
mortality risk (HR=2.80, 95% CI: 1.99-3.95).
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Analysis stratified by molecular subtype dem-
onstrated significant prOS differences across
subtypes (P<0.001). Compared to Luminal A,
both TNBC (HR=3.83, 95% Cl: 2.24-6.57) and
HER2-overexpressing subtype (HR=2.78, 95%
Cl: 1.59-4.87) showed significantly increased
mortality risk. Luminal B did not differ signifi-
cantly from Luminal A (HR=1.28, 95% Cl: 0.72-
2.26). TNBC had the shortest median prOS at
27 months, followed by HER2-overexpressing
subtype at 35.5 months. Neither Luminal A nor
Luminal B reached median prOS.

Analysis stratified by first recurrence site also
showed significant prOS differences (P=0.013).
Using locoregional recurrence as reference, vis-
ceral metastasis (non-brain) patients had sig-
nificantly higher mortality risk (HR=3.03, 95%
Cl: 1.46-6.29), as did bone-only metastasis
patients (HR=2.26, 95% Cl: 1.04-4.93). Brain
metastasis patients did not differ significantly
from locoregional recurrence patients (HR=
2.14, 95% CI: 0.89-5.17). Median prOS for vis-
ceral metastasis (non-brain) was 46 months;
median prOS was not reached in other groups
(see Figure 1).

Proportional hazards assumption testing and
multicollinearity diagnosis for cox regression

Variable coding is shown in Table 2. Initial VIF
analysis of 23 variables revealed severe mul-
ticollinearity (VIF>10) for visceral metastasis
(VIF=14.856), liver metastasis (VIF=13.502),
lung metastasis (VIF=13.228), and molecular
subtype (VIF=10.736). Moderate collinearity
(b<VIF<10) was observed for distant meta-
stasis (VIF=7.541) and multi-organ metastasis
(VIF=5.317).

After sequential removal of high-collinearity
variables, 11 variables were retained for Cox
regression: recurrence type, age, tumor size,
histological grade, lymph node status, mole-
cular subtype, surgical approach, neoadjuvant
chemotherapy, adjuvant chemotherapy, adju-
vant radiotherapy, and visceral metastasis. All
adjusted VIF values were below 2 (range 1.049-
1.386), indicating effective control of multicol-
linearity (see Table 2).

Schoenfeld residual analysis tested the propor-
tional hazards assumption for these 11 vari-
ables. The global test indicated that the over-
all model satisfied the proportional hazards

889

assumption (x?=21.173, df=14, P=0.097). In-
dividual variable tests confirmed that recur-
rence type (P=0.486), age (P=0.192), tumor
size (P=0.142), histological grade (P=0.155),
lymph node status (P=0.073), molecular sub-
type (P=0.055), surgical approach (P=0.672),
neoadjuvant chemotherapy (P=0.610), adju-
vant chemotherapy (P=0.191), adjuvant radio-
therapy (P=0.317), and visceral metastasis
(P=0.649) all met the assumption (all P>0.05).
Schoenfeld residual trend plots showed rela-
tively stable residual patterns over time, further
supporting the proportional hazards assump-
tion (see Figure 2).

Cox regression analysis of post-recurrence
overall survival in the training cohort

Univariate Cox regression identified several fac-
tors significantly associated with worse prOS:
age younger than 35 years (HR=1.574, 95% CI:
1.128-2.196, P=0.008), early recurrence (HR=
2.801, 95% Cl: 1.985-3.953, P<0.001), tumor
size T3-T4 (HR=2.640, 95% CI: 1.824-3.822,
P<0.001), lymph node positivity (HR=1.581,
95% CI: 1.128-2.216, P=0.008), HER2-over-
expressing subtype (HR=2.778, 95% CI: 1.585-
4.867, P<0.001), TNBC (HR=3.832, 95% ClI:
2.236-6.568, P<0.001), receipt of neoadju-
vant chemotherapy (HR=1.992, 95% Cl: 1.433-
2.769, P<0.001), and visceral metastasis
(HR=1.562, 95% CI: 1.122-2.173, P=0.008).
No significant associations were found for his-
tological grade Il (P=0.351) or grade Ill (P=
0.486), Luminal B subtype (P=0.403), surgical
approach (P=0.425), adjuvant chemotherapy
(P=0.331), or adjuvant radiotherapy (P=0.674).

Variables with P<0.05 in univariate analysis
were entered into multivariate Cox regression.
Results showed that independent risk factors
for prOS included early recurrence (HR=2.578,
95% Cl: 1.711-3.883, P<0.001), tumor size
T3-T4 (HR=1.950, 95% Cl: 1.321-2.878, P<
0.001), lymph node positivity (HR=2.190, 95%
Cl: 1.512-3.172, P<0.001), HER2-overexpress-
ing subtype (HR=2.347, 95% Cl: 1.255-4.387,
P=0.008), TNBC (HR=2.293, 95% CI: 1.250-
4.205, P=0.007), receipt of neoadjuvant che-
motherapy (HR=1.782, 95% CI: 1.277-2.488,
P<0.001), and age younger than 35 years
(HR=1.424, 95% CI: 1.012-2.003, P=0.043).
Luminal B subtype (P=0.754) and visceral
metastasis (P=0.956) were no longer statisti-
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Figure 1. Kaplan-Meier survival curves for post-recurrence overall survival in the training cohort. A. Kaplan-Meier survival curves stratified by recurrence timing; B.
Kaplan-Meier survival curves stratified by molecular subtype; C. Kaplan-Meier survival curves stratified by first recurrence site. Note: prOS, Post-recurrence overall
survival; HR, Hazard ratio; Cl, Confidence interval; TNBC, Triple-negative breast cancer; HER2, Human epidermal growth factor receptor 2; NR, Not reached.
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Table 2. Variable coding and multicollinearity diagnosis for Cox regression model

VIF before  VIF after

Variable Coding adjustment adjustment
Recurrence type Yes =1, No =0 1.626 1.299
Age (years) 35-40=0, <35=1 1.088 1.057
Tumor size T1-T2=0, T3-T4=1 1.156 1.085
Histological grade Grade | =1, Grade Il =2, Grade lll =3 1.11 1.069
Lymph node status NO =0, N1-3=1 1.101 1.06
ER status Positive =1, Negative =0 4.626 -
PR status Positive =1, Negative =0 2.203 -
HER2 status Positive =1, Negative =0 2.058 -
Ki-67 expression Low (<30%)=0, High (=30%)=1 1.513 -
Molecular subtype Luminal A =1, Luminal B =2, HER2-overexpressing =3, TNBC=4 10.736 1.386
Surgical approach Breast-conserving surgery =1, Mastectomy =0 1.157 1.068
Neoadjuvant chemotherapy Yes =1, No =0 1.078 1.052
Adjuvant chemotherapy Yes =1, No =0 1.07 1.049
Adjuvant radiotherapy Yes =1, No =0 1.113 1.063
Adjuvant endocrine therapy Yes =1, No =0 3.602 -
Distant metastasis Yes =1, No =0 7.541 -
Locoregional recurrence Yes =1, No =0 1.146 -
Bone metastasis Yes =1, No =0 2.192 -
Liver metastasis Yes =1, No =0 13.502 -
Lung metastasis Yes =1, No =0 13.228 -
Brain metastasis Yes =1, No =0 2.478 -
Visceral metastasis Yes =1, No =0 14.856 1.25
Multi-organ metastasis Yes =1, No =0 5.317 -

Note: VIF, Variance inflation factor; ER, Estrogen receptor; PR, Progesterone receptor; HER2, Human epidermal growth factor receptor 2; TNBC,
Triple-negative breast cancer. “-” indicates variable was excluded from the final model due to multicollinearity.

cally significant after adjusting for other vari-
ables (see Table 3).

Comparison of prOS between early and late
recurrence across molecular subtypes

To further explore how recurrence timing af-
fects prognosis across molecular subtypes, we
performed subgroup survival analyses.

In Luminal A patients, prOS differed significant-
ly between early and late recurrence groups
(P<0.001). Median prOS was 36 months in the
early recurrence group versus not reached in
the late recurrence group. Mortality risk was
substantially higher in early recurrence patients
(HR=8.67, 95% Cl: 3.08-24.44).

In HER2-overexpressing patients, prOS also dif-
fered significantly between groups (P=0.011).
Median prOS was 22 months for early recur-
rence and not reached for late recurrence.
Early recurrence carried significantly elevated
mortality risk (HR=2.23, 95% CI: 1.18-4.20).
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In Luminal B patients, no significant prOS dif-
ference was observed between early and late
recurrence groups (P=0.194). Neither group
reached median prOS.

In TNBC patients, prOS did not differ signi-
ficantly between groups (P=0.303). Median
prOS was 26 months for early recurrence and
29 months for late recurrence (see Figure 3).

Comparison of prOS between early and late
recurrence across first recurrence sites

To examine how recurrence timing influences
prognosis according to first recurrence site,
we conducted subgroup survival analyses. Re-
currence sites were categorized by priority:
brain metastasis, visceral metastasis (non-
brain), bone-only metastasis, and locoregional
recurrence.

In patients with locoregional recurrence, prOS
differed significantly between early and late
recurrence groups (P<0.001). Median prOS

Am J Cancer Res 2026;16(3):882-904
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Table 3. Univariate and multivariate Cox regression analysis for post-recurrence overall survival in the

training cohort

. Univariate Multivariate
Variable
B P value HR (95% ClI) B P value HR (95% Cl)

Age (years)

35-40 years Reference Reference

<35 years 0.453 0.008 1.574(1.128-2.196) 0.353 0.043 1.424 (1.012-2.003)
Recurrence type

Late recurrence Reference Reference

Early recurrence 1.03 <0.001 2.801(1.985-3.953) 0.947 <0.001 2.578(1.711-3.883)
Tumor size

T1-T2 Reference Reference

13-T4 0.971 <0.001 2.640 (1.824-3.822) 0.668 <0.001 1.950(1.321-2.878)
Histological grade

Grade | Reference -

Grade Il -0.227 0.351 0.797 (0.494-1.285)

Grade I -0.172 0.486 0.842(0.520-1.365)
Lymph node status

NO Reference Reference

N1-3 0.458 0.008 1.581(1.128-2.216) 0.784 <0.001 2.190 (1.512-3.172)
Molecular subtype

Luminal A Reference Reference

Luminal B 0.244 0.403 1.276(0.720-2.261) 0.1 0.754 1.105 (0.591-2.066)

HER2-overexpressing 1.022 <0.001 2.778(1.585-4.867) 0.853 0.008 2.347 (1.255-4.387)

TNBC 1.343 <0.001 3.832(2.236-6.568) 0.83 0.007 2.293(1.250-4.205)
Surgical approach

Mastectomy Reference -

Breast-conserving surgery 0.135 0.425 1.145 (0.821-1.596)
Neoadjuvant chemotherapy

No Reference Reference

Yes 0.689 <0.001 1.992(1.433-2.769) 0.578 <0.001 1.782(1.277-2.488)
Adjuvant chemotherapy

No Reference -

Yes 0.377 0.331 1.458(0.682-3.115)
Adjuvant radiotherapy

No Reference -

Yes 0.071 0.674 1.073(0.773-1.490)
Visceral metastasis

No Reference Reference

Yes 0.446 0.008 1.562(1.122-2.173) -0.010 0.956 0.990 (0.682-1.435)

Note: HR, Hazard ratio; Cl, Confidence interval; HER2, Human epidermal growth factor receptor 2; TNBC, Triple-negative breast

cancer.

was 26 months for early recurrence versus
not reached for late recurrence. Early recur-
rence showed markedly elevated mortality risk
(HR=7.94, 95% CI: 1.87-33.72).

In patients with visceral metastasis (non-brain),
prOS also differed significantly (P<0.001). Me-
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dian prOS was 28 months for early recurrence
and 58 months for late recurrence. Early re-
currence carried significantly higher mortality
risk (HR=2.30, 95% CI: 1.41-3.74).

In brain metastasis patients, prOS showed
a borderline difference between groups (P=
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Figure 3. Kaplan-Meier survival curves comparing post-recurrence overall survival between early and late recur-
rence across molecular subtypes. A. Luminal A; B. Luminal B; C. HER2-overexpressing; D. Triple-negative breast can-
cer. Note: prOS, Post-recurrence overall survival; HR, Hazard ratio; Cl, Confidence interval; HER2, Human epidermal
growth factor receptor 2; TNBC, Triple-negative breast cancer; NR, Not reached.

0.049). Median prOS was 40 months for early
recurrence versus not reached for late recur-
rence. However, the small number of late recur-
rence patients who developed brain metasta-
sis (n=5) resulted in unstable HR estimat-
es. These results should be interpreted with
caution.

In bone-only metastasis patients, no significant
prOS difference was observed between early
and late recurrence groups (P=0.413). Median
prOS was 40 months for early recurrence and
not reached for late recurrence (see Figure 4).
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Construction of the nomogram for predicting
post-recurrence overall survival

Based on independent prognostic factors iden-
tified through multivariate Cox regression, we
constructed a nomogram for predicting prOS
in young breast cancer patients. Predictors
included age, recurrence type, tumor size, lym-
ph node status, molecular subtype, and neoad-
juvant chemotherapy.

When employing this nomogram, first identify
value for each predictor on its scale. Then proj-
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prOS by Recurrence Site: Early vs Late Recurrence (Training Set)
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Figure 4. Kaplan-Meier survival curves comparing post-recurrence overall survival between early and late recur-
rence across first recurrence sites. A. Locoregional recurrence; B. Bone-only metastasis; C. Visceral metastasis
(non-brain); D. Brain metastasis. Note: prOS, Post-recurrence overall survival; HR, Hazard ratio; Cl, Confidence in-

terval; NR, Not reached.

ect upwards to the ‘Points’ scale to derive that
factor’s score. Add all the factor scores to get
aggregate points. Ultimately, extrapolate from
the cumulative points to the survival probability
scale to determine the forecasted probabilities
of prOS at 1-year, 3-year, and 5-year intervals.
The nomogram demonstrated that recurrence
type and molecular subtype contributed the
median number of total points and had the
highest prognostic value for prOS. Patients with
early recurrence, TNBC or HER2-overexpress-
ing subtype, lymph node positivity (N1-3), large
tumor size (T3-T4), receipt of neoadjuvant che-
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motherapy, and younger than 35 years accu-
mulated higher total score, which corresponds
to lower survival probability (Figure 5).

Internal validation of the prediction model in
the training cohort

Time-dependent ROC curves assessed model
discrimination. In the training cohort, AUC for
predicting 1-year, 3-year, and 5-year prOS was
0.845 (95% ClI: 0.783-0.906), 0.820 (95% CI:
0.773-0.868), and 0.649 (95% CI: 0.528-
0.770), respectively. These values indicated
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Nomogram for Post—Recurrence Overall Survival

0 10 20

40 50 60 70 80 90 100

Points

Age

<35
I

T
35-40

Relapse_type

Early
1

Late

Tumor_size

T3_|T4

T1T2

LN_status r

N1-3

NO

Luminal B
L

TNBC
)

Molecular_type r
Luminal A

NAC T

HER2+

Ygs

Total Points r T T
0 50 100

150 200 250 300 350 400 450

Linear Predictor r T

1-Year Survival T

0.9 0.85 08 0.7 0.6 0.5 04 03 02

3-Year Survival L T T

Q7 0.6 05 04 03 0.2 Q01

S-Year Survival T T

06 05 04 0.3 02 0.1

Figure 5. Nomogram for predicting post-recurrence overall survival in young breast cancer patients. The nomogram
incorporates six predictors: age, recurrence type, tumor size, lymph node status, molecular subtype, and neoad-
juvant chemotherapy. It is used to predict 1-year, 3-year, and 5-year post-recurrence overall survival probabilities.
Note: prOS, Post-recurrence overall survival; TNBC, Triple-negative breast cancer; HER2, Human epidermal growth

factor receptor 2.

good predictive ability for 1-year and 3-year
prOS. The model C-index was 0.756 (95% ClI:
0.719-0.794) (Figure 6A).

Bootstrap resampling (n=1000) for internal
validation yielded a corrected C-index of 0.741
(95% CI: 0.734-0.757) with an optimism value
of 0.015, suggesting minimal overfitting (Figure
6B).

Calibration curves assessed agreement be-
tween predicted and observed probabilities.
The 3-year prOS calibration curve in the train-
ing cohort showed good concordance, with the
calibration curve approaching the ideal diago-
nal line. Brier score was 0.171. The Hosmer-
Lemeshow test was not statistically significant
(P=0.121), indicating acceptable calibration.
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Decision curve analysis showed that using the
prediction model for clinical decision-making
provided net benefit over “treat all” and “treat
none” strategies within a certain threshold
probability range (Figure 6C).

Using the training cohort median risk score
(1.668) as cutoff, patients were stratified into
high-risk and low-risk groups. Kaplan-Meier
survival analysis revealed significant prOS dif-
ferences between groups (P<0.001). Median
prOS and HR for high-risk versus low-risk
groups are shown in Figure 6D (see Figure 6).

External validation of the prediction model in
the validation cohort

In the validation cohort, AUC for predicting
1-year, 3-year, and 5-year prOS was 0.720 (95%
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Figure 6. Internal validation of the prediction model in the training cohort. A. Time-dependent ROC curves; B.
Calibration curve for 3-year post-recurrence overall survival; C. Decision curve analysis for 3-year post-recurrence
overall survival; D. Kaplan-Meier survival curves based on risk score stratification. Note: ROC, Receiver operating
characteristic; AUC, Area under the curve; Cl, Confidence interval; C-index, Concordance index; DCA, Decision curve
analysis; prOS, Post-recurrence overall survival; HR, Hazard ratio; NR, Not reached.

Cl: 0.621-0.818), 0.725 (95% CI: 0.656-0.794),
and 0.601 (95% CI: 0.463-0.740), respectively.
These values indicated that the model retain-
ed acceptable predictive ability in an external
population. The validation cohort C-index was
0.658 (95% CI: 0.604-0.711) (Figure 7A).

The 3-year prOS calibration curve showed a
Brier score of 0.209. The Hosmer-Lemeshow
test was statistically significant (P<0.001), sug-
gesting that model calibration in the external
population requires further optimization (Figure
7B).
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Decision curve analysis demonstrated that the
prediction model provided net benefit over
“treat all” and “treat none” strategies within
a certain threshold probability range (Figure
7C).

Using the same risk score cutoff as the train-
ing cohort (1.668), patients in the validation
cohort were stratified by risk. Kaplan-Meier sur-
vival analysis showed significant prOS differ-
ences between high-risk and low-risk groups
(P<0.001). Median prOS and HR for each risk
group are shown in Figure 7D (see Figure 7).
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Figure 7. External validation of the prediction model in the validation cohort. A. Time-dependent ROC curves; B.
Calibration curve for 3-year post-recurrence overall survival; C. Decision curve analysis for 3-year post-recurrence
overall survival; D. Kaplan-Meier survival curves based on risk score stratification. Note: ROC, Receiver operating
characteristic; AUC, Area under the curve; Cl, Confidence interval; C-index, Concordance index; DCA, Decision curve
analysis; prOS, Post-recurrence overall survival; HR, Hazard ratio; NR, Not reached.

Risk score distribution in training and valida-
tion cohorts

Individual risk scores were calculated from
the Cox regression model. The training cohort
median risk score (1.668) served as cutoff for
stratifying patients into high-risk and low-risk
groups.

Among 294 training cohort patients, risk scor-
es ranged from O to 4.152, with mean 1.689
(standard deviation 0.943) and median 1.668
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(interquartile range 1.023-2.312). The low-
risk group contained 147 patients (50.0%), as
did the high-risk group (147 patients, 50.0%).
Density plots and histograms showed good se-
paration between low-risk and high-risk group
distributions.

Among 221 validation cohort patients, risk
scores ranged from O to 3.821, with mean
1.710 (standard deviation 1.009) and median
1.770 (interquartile range 0.846-2.400). The
low-risk group contained 105 patients (47.5%),
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Figure 8. Risk score distribution in the training and validation cohorts. A. Density plot of risk scores in the training
cohort; B. Density plot of risk scores in the validation cohort; C. Histogram of risk scores in the training cohort; D.
Histogram of risk scores in the validation cohort. The red dashed line indicates the cutoff value for risk stratification
(1.668). Note: IQR, Interquartile range; SD, Standard deviation.

while the high-risk group contained 116 pa-
tients (52.5%). Risk score distribution in the
validation cohort was similar to that in the train-
ing cohort, demonstrating good consistency
in distribution characteristics between cohorts
(see Figure 8).

Discussion

Using data from 515 recurrent breast cancer
patients aged 40 years or younger, this study
systematically compared the clinicopathologi-
cal characteristics of early and late recurrence
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and identified independent prognostic factors
for post-recurrence overall survival (prOS) and
built a nomogram. The findings have important
clinical implications for personalized manage-
ment and risk stratification of young breast
cancer patients after recurrence.

Patients who experienced early recurrence had
more aggressive tumor characteristics than
patients with late recurrence, according to our
study. Tumor size and grade was larger and
more frequent lymph node positivity and ER/
PR negativity. The observations are in agree-
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ment with previous observations. As per the
Carolina Breast Cancer Study, it was reported
by Chollet-Hinton et al. [17] that breast cancers
in young patients (less than 40 years) tended
to be of a high-stage, hormone receptor-nega-
tive and basal-like subtype and had different
biological characteristics than older patients.
Kim et al. [7] similarly confirmed that younger
patients were more likely to have HER2-posi-
tive or triple-negative subtypes at high stage,
through a SEER database analysis.

As for the molecular subtype, we find that the
majority of early recurrence cases had TNBC, at
43.97%, while the majority of late recurrence
cases were Luminal. This pattern is seen at
the characteristic recurrence time of different
molecular subtypes. TNBC is a very aggressive
disease and has a significantly higher early
recurrence risk than other subtypes [18]. A
research study which examines rapid recur-
rence in TNBC patients, those who have rapid
recurrence (<2 years) are more likely than those
who do not have subsequent distant meta-
stasis at first recurrence and greater visceral
metastatic disease [19]. Conversely, hormone
receptor-positive breast cancer has a late
recurrence risk. According to Pan et al. [10],
patients with ER-positive early breast cancer
who completed 5 years of adjuvant endocrine
therapy were still at risk of recurrence and
death in the next 15 years.

Regarding recurrence and metastasis patterns,
higher rates of distant metastasis, visceral
metastasis, and multi-organ metastasis were
found in the early recurrence group than in the
late recurrence group. The more aggressive
biological behavior of early recurring tumors
likely explains this. Kennecke et al. [20] have
demonstrated that distinct molecular subtypes
have varying organ-specific metastatic poten-
tial. Breast cancers categorized as TNBC and
HER2-positive metastasize more readily to vis-
ceral organs such as liver, lung, and brain while
hormone receptor-positive breast cancers pref-
erence bone metastasis. In this study, the late
recurrence group had higher locoregional re-
currence, meanwhile, the rates of bone metas-
tasis were not significantly different from the
early recurrence group. This further suggests
that patients with varying timing of recurrence
have varying metastatic patterns.
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According to our multivariate Cox regressions
analysis, early recurrence was the best inde-
pendent predictor of prOS (HR=2.578). The size
of this effect is similar to those reported previ-
ously. Researchers Lee et al. [11] found that
patients having early recurrence showed sig-
nificantly higher mortality risk than those with
late occurrence. According to Narod et al. [21],
patients who have local recurrence occurring
within 2 years have worse outcomes compared
to those with recurrence occurring after 2 years
(adjusted HR=0.38). When tumors were found
to recur shortly after treatment, it suggests that
they have a greater capacity for proliferation,
higher heterogeneity, and more resistant forms
toward multiple anti-cancer drugs. All these
biological characteristics lead to a poorer prog-
nosis [22].

Molecular subtype had significant impact on
pre-0S. The findings our study indicated that
both HER2-overexpressing subtype (HR=2.347)
and TNBC (HR=2.293) independently predict-
ed prOS. Triple-negative breast cancer (TNBC)
does not have effective targeted therapy op-
tions. Despite the advent of neoadjuvant the-
rapy, TNBC remains prognostically worse than
other subtypes, by a statistically significant
margin [23]. The outcomes of HER2-positive
breast cancer have improved considerably with
anti-HER2 targeted therapy. However, patient-
reported overall survival or prOS is still subop-
timal after recurrence. This indicates a need
for improved later-line treatment strategies
[24].

In our study, independent risk factors of prOS
included tumor burden information of the T3-T4
stage and lymph node positivity. Prior resear-
ch established significant correlations between
breast cancer recurrence and death, and initial
diagnosis of tumor size and lymph node involve-
ment [25]. Even with defined pathological com-
plete response (pCR), initial clinical lymph no-
des positivity (cN+) is associated with higher
recurrence risk [26, 27]. The biological charac-
teristics of the primary tumor appear to impact
post-recurrence survival.

In our study, receiving neoadjuvant chemother-
apy was an independent risk factor of prOS
(HR=1.782). Despite being paradoxical at face
value, meticulous interpretation is required.
Those diagnosed with more advanced cancer
of a more aggressive type are usually given
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neoadjuvant chemotherapy. We could not in-
clude pCR status in our study. In a meta-analy-
sis carried out by Spring et al., there was an
observed improvement in both event-free sur-
vival (EFS) and overall survival (OS) among
patients who achieved pCR after neoadjuvant
chemotherapy. The correlation between pCR
and improved survival outcomes was particu-
larly strong in patients with TNBC and HER2-
positive disease. Furthermore, we could not
characterise the true expression of neoadju-
vant treatment response on prOS due to the
lack of pCR status and post-recurrence treat-
ment data in our study. Consequently, the in-
terpretation of this result must be cautious. It
indicates an effect and not an actual cause.

Our study found being less than 35 years old
to be an independent risk of prOS (HR=1.424).
It has to do with the unique tumor biology of
young breast cancer. Research indicates that
younger patients’ tumors show higher prolifera-
tive activity, greater stem cell features, and
enriched immunosuppressive signaling [28]. In
a broad cohort study from Denmark, Pedersen
et al. [12] also demonstrated that diagnosis
under age 40 was an independent risk factor
for late recurrence. This implies that the likeli-
hood of recurrence among young patients is
increased even 10 years after diagnosis. This
outcome supports the view that young breast
cancer is a biological entity.

According to molecular subtype specific off-
spring that are early and late recurrence sub-
group analysis statistics differences were ob-
served in prOS. In patients with Luminal A and
HER2-overexpressing cancer, the prOS was sig-
nificantly worse for the early recurrence group
compared with the late recurrence group.
Nonetheless, no significant differences were
found in Luminal B and TNBC patients. The
clinical implications of this finding expandable.

For Luminal A patients, who are generally con-
sidered to have favorable prognosis, our stu-
dy showed that once early recurrence occurs,
prOS drops dramatically. Median prOS was only
36 months, with mortality risk nearly 9-fold
higher than the late recurrence group. This in-
dicates that even for low-risk subtypes, early
recurrence signals poor prognosis. Lee et al.
[11] similarly found that in the Luminal B sub-
type, late recurrence was an independent prog-
nostic factor for overall survival, whereas no
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significant difference was observed in TNBC
and HER2 subtypes.

The lack of significant prOS difference be-
tween early and late recurrence in TNBC pa-
tients in our study may relate to the inherently
poor baseline prognosis of TNBC. Regardless
of whether recurrence is early or late, TNBC
patients have relatively short prOS, which may
obscure differences between groups. This neg-
ative result may also be limited by insufficient
subgroup sample size, reducing statistical po-
wer. Validation in larger samples is needed.

Subgroup analysis by first recurrence site sh-
owed that prOS differences between early and
late recurrence were significant in patients with
locoregional recurrence and visceral metasta-
sis (non-brain), but not significant in bone-only
metastasis patients. This may relate to the
relatively indolent biological behavior of bone
metastasis. Previous studies suggest that bre-
ast cancer patients with bone-only metastasis
have substantially longer median survival than
those with visceral metastasis [29]. The bone
microenvironment may provide conditions fa-
vorable for maintaining tumor cell “dormancy”,
thereby delaying disease progression [30].

Based on independent prognostic factors from
multivariate Cox regression, we constructed a
nomogram for predicting prOS. In the training
cohort, the model achieved a C-index of 0.756,
with 1-year and 3-year AUC of 0.845 and 0.820,
respectively. These values indicate good dis-
crimination. After Bootstrap internal validation,
the C-index was 0.741, suggesting minimal
overfitting. In the validation cohort, the C-index
was 0.658. Although somewhat lower than the
training cohort, the model demonstrated ac-
ceptable generalizability.

Our nomogram possesses certain benefits
over previously developed prediction models.
CTS5 or Clinical Treatment Score post-5 years
is a commonly used late recurrence risk pre-
diction tool, which only applies to ER-positive
patients who remain recurrence free after 5
years and predicts subsequent recurrence risk
[31]. Genomic tests e.g. Oncotype DX can pro-
vide finer molecular information. However, they
are costly and not implementable in the re-
source-poor settings [32]. Our nomogram incor-
porates easily accessible clinical characteris-
tics for easy implementation in clinical practice.
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It can be a useful tool to predict prOS in young
patients with recurrent breast cancer.

Nonetheless, our model exhibited suboptimal
calibration within the validation cohort (H-L test
P<0.001). This means that the predicted and
observed probabilities are not aligned. The H-L
test should, however, be noted as being sensi-
tive to sample size, showing important biases
in medium-sized validation cohorts [33]. Di-
fferent characteristics of the patients treated
and differences in treatment between centres
could impact external applicability. Future con-
firmation and optimization in broader multi-
center prospective cohorts are essential.

Based on risk stratification analysis using risk
scores, high-risk and low-risk prOS differed
significantly in both training and validation
cohorts. The information from stratifying risk
can guide clinical decision making. High-risk
patients may need more intensive treatment
and closer follow-up monitoring, whereas low-
risk patients may consider de-escalation of
appropriate treatment to reduce toxicity.

This study is not without limitations. Firstly,
there may be selection bias and information
bias due to retrospective study. Secondly, we
were unable to incorporate post-recurrence
treatment information, as treatment response
following recurrence significantly impacts prOS.
The fact that pCR status was not included may
have affected the finding that neo-adjuvant
chemotherapy is a risk factor. The cutoff of
Ki-67 remains controversial. We utilized a cut-
off of 30%, but varying studies and guidelines
recommend different cutoffs [34]. Fifth, geno-
mic test results like Oncotype DX scores were
not included. These molecular markers could
provide additional prognostic information.
Sixth, because the validation cohort had a rela-
tively small sample size and was from one cen-
ter, geographic representativeness was limited.
The follow up duration was quite short; some
patients’ long-term outcomes were not obser-
ved. Future research could consider several
potential directions. First, further inclusion of
post-recurrence treatment response, circulat-
ing tumor DNA (ctDNA), and other dynamic
indicators could lead to better prognostic pre-
diction models [35]. Second, we can conduct
prospective multicenter validation studies to
further assess the external applicability. Next,
genomic features like Oncotype DX scores and
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MammaPrint could also be added to assess
clinicopathological characteristics and molecu-
lar markers. Finally, one could consider devel-
oping online calculators or mobile apps for
rapid clinical risk assessment or clinical appli-
cation.

Conclusions

In conclusion, this study revealed that early
recurrence is a significant predictor of poor
post-recurrence survival in young breast cancer
patients 40 years of age and younger. Patients
with early recurrence have more aggressive
tumor characteristics and a greater chance of
visceral metastasis. A homogram that includ-
es recurrence time points, tumor burden, and
molecular type is a reasonable predictor of
prOS in young recurrent breast cancer patients
and has acceptable generalizability to an ex-
ternal population. This model may be useful
for clinical risk stratification and individualized
management to define high-risk patients and
establish treatment and follow-up strategies.
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Figure S1. Flowchart of the study.
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Table S1. Comparison of baseline characteristics between training and validation cohorts

Training Cohort

validation cohort

Characteristic Total (n=294) (n=221) Statistic P value

Recurrence type 0.011 0.918
Late 267 (51.84%) 153 (52.04%) 114 (51.58%)
Early 248 (48.16%) 141 (47.96%) 107 (48.42%)

Age (years) 0.793 0.373
36-40 years 240 (46.60%) 142 (48.30%) 98 (44.34%)
<35 years 275 (53.40%) 152 (51.70%) 123 (55.66%)

Tumor size 0.174 0.677
T1-T2 427 (82.91%) 242 (82.31%) 185 (83.71%)
T3-T4 88 (17.09%) 52 (17.69%) 36 (16.29%)

Histological grade 0.200 0.905
Grade | 73 (14.17%) 40 (13.61%) 33 (14.93%)
Grade Il 232 (45.05%) 134 (45.58%) 98 (44.34%)
Grade llI 210 (40.78%) 120 (40.82%) 90 (40.72%)

Lymph node status 3.319 0.068
N1-3 335 (65.05%) 201 (68.37%) 134 (60.63%)
NO 180 (34.95%) 93 (31.63%) 87 (39.37%)

ER status 1.150 0.283
Negative 275 (53.40%) 163 (55.44%) 112 (50.68%)
Positive 240 (46.60%) 131 (44.56%) 109 (49.32%)

PR status 0.134 0.714
Negative 338 (65.63%) 191 (64.97%) 147 (66.52%)
Positive 177 (34.37%) 103 (35.03%) 74 (33.48%)

HER2 status 0.002 0.964
Negative 328 (63.69%) 187 (63.61%) 141 (63.80%)
Positive 187 (36.31%) 107 (36.39%) 80 (36.20%)

Ki-67 expression 0.165 0.684
Low (<30%) 286 (55.53%) 161 (54.76%) 125 (56.56%)
High (=30%) 229 (44.47%) 133 (45.24%) 96 (43.44%)

Molecular subtype 1.295 0.730
Luminal A 102 (19.81%) 57 (19.39%) 45 (20.36%)
Luminal B 171 (33.20%) 94 (31.97%) 77 (34.84%)
HER2-overexpressing 107 (20.78%) 66 (22.45%) 41 (18.55%)
TNBC 135 (26.21%) 77 (26.19%) 58 (26.24%)

Surgical approach 0.171 0.679
Mastectomy 321 (62.33%) 181 (61.56%) 140 (63.35%)
Breast-conserving surgery 194 (37.67%) 113 (38.44%) 81 (36.65%)

Neoadjuvant chemotherapy 0.552 0.458
No 298 (57.86%) 166 (56.46%) 132 (59.73%)
Yes 217 (42.14%) 128 (43.54%) 89 (40.27%)

Adjuvant chemotherapy 0.037 0.847
No 36 (6.99%) 20 (6.80%) 16 (7.24%)
Yes 479 (93.01%) 274 (93.20%) 205 (92.76%)

Adjuvant radiotherapy 0.023 0.880
No 235 (45.63%) 135 (45.92%) 100 (45.25%)
Yes 280 (54.37%) 159 (54.08%) 121 (54.75%)
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Adjuvant endocrine therapy
No
Yes
Distant metastasis
No
Yes
Locoregional recurrence
No
Yes
Bone metastasis
No
Yes
Liver metastasis
No
Yes
Lung metastasis
No
Yes
Brain metastasis
No
Yes
Visceral metastasis
No
Yes
Multi-organ metastasis
No
Yes

281 (54.56%)
234 (45.44%)

123 (23.88%)
392 (76.12%)

306 (59.42%)
209 (40.58%)

310 (60.19%)
205 (39.81%)

354 (68.74%)
161 (31.26%)

378 (73.40%)
137 (26.60%)

461 (89.51%)
54 (10.49%)

261 (50.68%)
254 (49.32%)

451 (87.57%)
64 (12.43%)

163 (55.44%)
131 (44.56%)

67 (22.79%)
227 (77.21%)

166 (56.46%)
128 (43.54%)

174 (59.18%)
120 (40.82%)

207 (70.41%)
87 (29.59%)

216 (73.47%)
78 (26.53%)

265 (90.14%)
29 (9.86%)

149 (50.68%)
145 (49.32%)

261 (88.78%)
33 (11.22%)

118 (53.39%)
103 (46.61%)

56 (25.34%)
165 (74.66%)

140 (63.35%)
81 (36.65%)

136 (61.54%)
85 (38.46%)

147 (66.52%)
74 (33.48%)

162 (73.30%)
59 (26.70%)

196 (88.69%)
25 (11.31%)

112 (50.68%)
109 (49.32%)

190 (85.97%)
31 (14.03%)

0.214

0.451

2.481

0.292

0.889

0.002

0.282

0.000

0.911

0.644

0.502

0.115

0.589

0.346

0.966

0.595

1.000

0.340

Note: ER, Estrogen receptor; PR, Progesterone receptor; HER2, Human epidermal growth factor receptor 2; TNBC, Triple-nega-

tive breast cancer.



