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ABSTRACT

More effective prognostic indicators are required for managing malignancy in older adults. Previous research has
connected N-terminal pro-B-type Natriuretic Peptide (NT-proBNP) with sarcopenia, a condition linked to
decreased cancer survival, yet data on baseline NT-proBNP as a marker of cancer outcome are scarce. The GO2
clinical trial involved elderly or frail patients in the United Kingdom (UK) with advanced gastroesophageal tumors
and explored reduced-dose chemotherapy. Using data from this study, we examined whether NT-proBNP could
predict outcomes and whether its effect was influenced by frailty. This work represents a secondary analysis of
an already completed clinical study. Frailty was determined through Eastern Cooperative Oncology Group
(ECOG) performance status (PS) and the GO2 frailty index, which encompassed nine geriatric areas. A corrected
NT-proBNP (cBNP) value was obtained for each participant, standardized to the local laboratory upper limit of
normal (ULN). A total of 241 participants were assessed. Median age was 76 years (range 52—89); 187 (77.6%)
were men, and 211 (87.6%) had adenocarcinoma. At study entry, 80 (33.2%) had NT-proBNP above the ULN.
No significant link was found between cBNP and ECOG PS (p = 0.36) or the GO?2 frailty classification (p = 0.58).
Individuals in the highest cBNP group (n = 59) showed poorer median overall survival of 5.3 months, compared
with 6.8 months for the medium group (n = 120) and 8.2 months for the lowest group (n=61); HR 1.57 (95% CI,
1.04-2.37), p=10.031. This remained significant in multivariate Cox regression (HR 1.69, p=0.01) after adjusting
for GO2 stratification parameters. No substantial interaction between NT-proBNP and frailty was detected.
Baseline NT-proBNP appeared to independently predict outcome in older patients with advanced
gastroesophageal cancer. Further prospective validation is needed to confirm these findings and to explore
whether cardioprotective management may benefit individuals identified with elevated NT-proBNP levels.
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Introduction

Gastroesophageal cancer remains one of the leading causes of cancer mortality globally, accounting for around
1.3 million deaths each year [1]. For those diagnosed with advanced, biomarker-negative disease, median survival
is typically below one year [2]. Although newer targeted therapies have emerged, cytotoxic chemotherapy
continues to serve as the primary treatment for advanced gastroesophageal (aGO) cancer [3].

In the UK, most patients with aGO cancer are older than 70 at the time of diagnosis [4]. Advancing age brings a
higher burden of comorbidities and functional impairments across geriatric domains, often resulting in frailty [5,
6]. These age-related factors complicate clinical decision-making and contribute to suboptimal treatment
outcomes [7].

Older adults with malignancy frequently have different care priorities compared with younger individuals enrolled
in conventional trials, often valuing cognitive preservation, autonomy, and physical function more highly than
overall survival [8, 9]. Consequently, identifying objective prognostic markers that can assist in discussions
around care goals and therapy choices in this population is essential.
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Reduced food intake—a common symptom of aGO cancer—combined with lower physical activity, promotes
sarcopenia. Sarcopenia, alongside malnutrition and cancer-related cachexia, has been recognized as an
independent adverse prognostic factor in numerous cancers, including gastroesophageal disease [10, 11].
Evidence also supports a physiological link between skeletal muscle health and cardiac function, often described
as the “muscle hypothesis” [12].
A cardiac biomarker frequently used to assess heart failure is NT-proBNP, the inactive cleavage fragment of
proBNP. ProBNP splits into biologically active BNP, released in response to volume expansion and ventricular
strain, and NT-proBNP, which serves as an indicator of cardiac stress. Higher NT-proBNP levels correlate with
myocardial strain and worse outcomes in cardiovascular disorders [13].
Elevated NT-proBNP concentrations have been noted in individuals with sarcopenia [14] and in those with heart
failure, where inverse associations between muscle mass and peptide levels have been described [15]. Although
both sarcopenia and NT-proBNP predict outcomes in heart and systemic diseases [16, 17], their relationship
within cancer remains poorly defined. NT-proBNP elevation has been observed in cancer even in the absence of
overt cardiac dysfunction [18].
The GO2 trial assessed reduced chemotherapy intensity in older or frail patients with advanced gastroesophageal
cancer [19]. Lower-dose capecitabine/oxaliplatin (60% of the standard regimen) achieved similar survival to full-
dose therapy, with improved overall treatment utility—a composite measure balancing efficacy, toxicity, and
patient-reported wellbeing.
The GO2 population, characterized by age and frailty, is more reflective of real-world practice than typical clinical
trial groups. Comprehensive baseline data, including frailty scoring and NT-proBNP testing, provided an
opportunity to evaluate NT-proBNP as a prognostic indicator and explore its interaction with frailty.
This secondary investigation aimed to determine whether baseline NT-proBNP levels predicted survival among
GO2 participants and whether NT-proBNP correlated with frailty status. We anticipated that patients with higher
NT-proBNP at baseline would exhibit reduced overall survival while receiving systemic chemotherapy.

Materials and Methods

Study population
The GO2 trial (ISRCTN44687907) enrolled 559 participants, each of whom underwent detailed baseline
evaluations. These assessments included blood sampling (with NT-proBNP measured optionally) and a broad
clinical review encompassing several geriatric domains. Using this information, a GO2 frailty index was
established, classifying patients as non-frail (deficits in 0—1 domains), mildly frail (deficits in 2 domains), or
severely frail (deficits in 3 or more domains).
For inclusion in the current retrospective study, patients needed to meet three conditions:

1. availability of baseline NT-proBNP measurements;

2. receipt of at least one chemotherapy cycle within the GO2 protocol;

3. complete baseline information for ECOG performance status (PS) and/or GO2 frailty score.

Measurement of NT-proBNP

NT-proBNP levels were obtained prior to chemotherapy initiation. Local hospital laboratories performed analyses,
and values were reported in picograms per millilitre (pg/mL) with reference to each site’s upper limit of normal
(ULN).

To normalise data, a corrected NT-proBNP (cBNP) was derived by dividing the NT-proBNP concentration by the
local ULN. A cBNP value above 1.0 indicated abnormality.

For further analysis, participants were grouped as normal vs. raised cBNP and also into low (the lowest quartile),
middle (25-75th percentile), and high (the upper quartile) categories.

Statistical procedures

The principal endpoint was overall survival (OS), defined from the time of randomisation in GO2 until death from
any cause. Follow-up continued to 12 months or to the last contact date.

Kaplan—Meier plots were used to visualise OS by ¢cBNP group, and comparisons were made with the log-rank
test.
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Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated via Cox proportional hazards models.
Adjustments were made for stratification variables from GO2, including age, sex, ECOG PS, chemotherapy dose,
metastatic status, and cBNP classification. Sensitivity testing explored possible interactions between frailty and
c¢BNP to evaluate consistency across frailty strata.

All tests were two-tailed, considering p < 0.05 as statistically significant. Analyses were performed using R
version 4.0.2 (R Foundation for Statistical Computing, Vienna, Austria).

Results and Discussion

Baseline characteristics

Of the original cohort, 241 individuals who received chemotherapy and had available baseline NT-proBNP were
analysed. Full demographics appear in Table 1. The median age was 76 years (range 52—-89), 77.6% (n = 187)
were men, and 87.6% had adenocarcinoma. The majority showed ECOG PS 1 (53.1%), and 79.7% exhibited >2
deficits in geriatric evaluation. The analysed sample closely reflected the overall GO2 study group.

Although comorbidity data were missing for many, among the included participants, 123 (51%) could not finish
the timed up-and-go test in under 10 seconds, 172 (71.4%) were taking five or more medications, and 11 (4.6%)
reported two or more falls within six months before enrolment.

Table 1. Participant demographics and baseline clinical data (n = 241).

Characteristic Value
Age, years (median, range) 76 (52-89)
Sex, n (%)
Male 187 (77.6%)
Female 54 (22.4%)
Histology, n (%)
Adenocarcinoma 211 (87.6%)
Squamous 30 (12.4%)
Metastases
Not present 73 (30.3%)
Present 168 (69.7%)
ECOG Performance Status, n (%)
0 33 (13.7%)
1 128 (53.1%)
2+ 80 (33.2%)
Albumin
>35 g/dL 148 (61.4%)
<35 g/dL. 92 (38.2%)
Haemoglobin (g/dL) 12.1 (6.6-18.0)
GO2 Frailty Grouping
No frailty (Deficit in zero to one domain) 49 (20.3%)
Mild frailty (Deficit in two domains) 57 (23.7%)
Severe frailty (Deficit in three or more domains) 135 (56.0%)
Corrected NT-proBNP Levels, n (%)
Elevated 80 (33.2%)
Normal 161 (66.8%)

Overall Survival

Across the analysed sample, median overall survival (mOS) was 7.1 months (95% CI: 6.2-7.9).
By treatment intensity, mOS reached 7.9 months (95% CI: 6.7-10.4) at Dose Level A (100% OX), 5.4 months
(95% CI: 4.5-8.2) at Dose Level B (80% OX), and 7.1 months (95% CI: 5.8-8.1) at Dose Level C (60% OX).
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Reduced-intensity chemotherapy (60% OX, now adopted as routine practice) achieved non-inferior survival
compared with full-dose (HR 1.21; 95% CI: 0.84—1.74; p = 0.3), consistent with the parent GO2 findings.
Improved ECOG PS correlated with longer survival, though not significantly: mOS 7.9, 7.5, and 5.8 months for
PS 0, 1, and >2, respectively. Increasing frailty corresponded to declining outcomes, with mOS 9.4, 8.2, and 5.8
months in non-frail, mildly frail, and severely frail patients. For severe frailty, HR 2.05 (95% CI: 1.38-3.04; p <
0.001) was observed.

NT-proBNP, survival, and frailty

Among the 241 individuals analysed, 80 (33.2%) exhibited NT-proBNP values exceeding the local ULN (Table
1). Elevated cBNP at baseline correlated with worse outcomes (Figure 1), showing mOS 5.2 vs. 7.9 months (HR
1.57;95% CI: 1.16-2.13; p = 0.004).

When examined by degree of elevation, survival differed significantly across cBNP tertiles: the highest group had
mOS 5.3 months, the intermediate group 6.8 months, and the lowest group 8.2 months (HR 1.57; 95% CI: 1.04—
2.37; p=0.031) (Figure 2). After controlling for GO2 stratification factors and albumin, this remained significant
(HR 1.69; 95% CI: 1.11-2.57; p = 0.01) (Figure 3).
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Figure 1. Kaplan—Meier curves for OS comparing normal (green) and high (red) corrected NT-proBNP.
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Figure 2. Kaplan—Meier curves illustrating OS by low (lowest quartile, green) and high (upper quartile, red)
cBNP categories.
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Variable N Hazard ratio p
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Figure 3. Forest plot of HRs for OS by baseline characteristics and cBNP group, with 95% Cls.

No meaningful differences in cBNP were seen between age categories (<75 vs. >75 years; p = 0.885) or ECOG
PS (p = 0.522) (Table 2). Although a modest upward trend of cBNP with higher frailty was observed, this was
statistically insignificant (p = 0.706). Likewise, evaluating chemotherapy dose by baseline BNP revealed no dose-
dependent differences in outcome for either normal or elevated cBNP.

Table 2. Corrected BNP (¢cBNP) shown as median (range) across age groups, ECOG PS, and GO2 frailty

classes.
Group Baseline cBNP (Median, Range) p-Value
Age Group
<75 (n = 104) 0.65 (0.03, 10.3) 0.885
>75 (n=136) 0.70 (<0.005, 9.29)
ECOG PS
0 (n=33) 0.84 (0.09, 6.89) 0.522
1 (n=128) 0.59 (<0.005, 7.24)
2+ (n=179) 0.71 (0.03, 10.3)
GO2 Frailty Group
No frailty (n = 49) 0.53 (0.09, 7.70) 0.706
Mild frailty (n = 58) 0.65 (<0.005, 9.29)
Severe frailty (n = 134) 0.73 (0.033, 10.3)

Globally, the incidence of cancer in the elderly population continues to rise [20]. However, older individuals
commonly seen in everyday clinical settings differ markedly from those typically enrolled in standard clinical
trials, often presenting with greater levels of frailty and multiple comorbidities [21]. This discrepancy forces
clinicians to rely on extrapolated trial data, which may risk under- or over-treating older adults with malignancy
[22]. Such mismatches can translate into inferior outcomes, heightened treatment-related toxicity, diminished
quality of life, and shorter survival. Therefore, identifying reliable prognostic biomarkers is essential to enhance
shared decision-making and support more individualised care. This need is especially pressing for patients with
advanced gastroesophageal (aGO) cancer, given their heavy symptom burden, treatment toxicity, and generally
poor survival rates [19, 23].

Because of the recognised association between skeletal muscle condition (a marker of sarcopenia, known to
predict survival in cancer) and cardiac function, we examined whether baseline NT-proBNP, a cardiac biomarker,
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might predict prognosis in older or frail individuals with advanced GO malignancy. Participants in this post-trial
analysis were highly representative of real-world cases—median age 76 years, mainly with ECOG PS 1, and >2
geriatric deficits [24, 25].
Our analysis revealed that, even in the absence of documented cardiovascular disease, around one-third of patients
presented with elevated NT-proBNP levels before treatment initiation. When survival outcomes were compared,
higher baseline NT-proBNP was strongly associated with shorter overall survival. Individuals in the top 25% of
corrected NT-proBNP (cBNP) values experienced the poorest prognosis, living almost three months less than
those in the lowest quartile. This difference persisted after adjustment for major confounders (HR = 1.67, p =
0.016).
These findings imply that both the presence and degree of NT-proBNP elevation correlate with adverse survival
in patients undergoing chemotherapy for advanced GO cancer. Similar prognostic associations have been
described in other chronic illnesses [26, 27] and even within oncologic supportive care contexts [28], suggesting
that NT-proBNP could serve as a valuable prognostic biomarker deserving further study.
A potential explanation involves sarcopenia, which contributes to frailty and independently predicts outcomes in
cancer. Elevated NT-proBNP may thus mirror not only cardiac stress but also systemic physiological decline,
reflecting the intertwined effects of frailty, muscle wasting, and reduced reserve in older adults [29].
Consequently, NT-proBNP may have utility for risk stratification, integrating oncologic and cardiometabolic
aspects of vulnerability.
Nevertheless, our data did not show a significant relationship between cBNP levels and either ECOG PS or GO2
frailty grouping. The lack of association could result from population heterogeneity or the limited resolution of
these categorical frailty measures, which may fail to capture subtle biological variability.
Even so, serum NT-proBNP may contribute distinct prognostic information beyond what conventional frailty
scales provide. Clinicians often rely on ECOG PS or the Rockwood Clinical Frailty Scale to estimate fitness for
therapy, yet these instruments can overlook the multifaceted nature of age-related decline and multimorbidity
[30]. As a biomarker that reflects cardiovascular strain, NT-proBNP could supplement these measures, promoting
a more individualised therapeutic strategy. For example, a patient with markedly elevated NT-proBNP might be
considered for dose-reduced chemotherapy or even supportive care alone, aiming to balance benefit and
tolerability.
While preliminary, our observations raise biologically intriguing questions about why NT-proBNP elevation
predicts survival. It may signify a confluence of sarcopenia, systemic inflammation, and cachexia, all known to
affect outcomes in older adults with cancer. Future research should explore these mechanisms and evaluate
whether NT-proBNP-based screening can help identify patients who would benefit from prehabilitation,
cardioprotective therapy, or tailored chemotherapy regimens.
This study’s key strength lies in its post-hoc analysis of a completed randomised trial, ensuring robust baseline
and longitudinal data. The large sample size and concurrent frailty assessments enabled an in-depth examination
of NT-proBNP’s prognostic value. Moreover, the cohort reflects the real-world older/frail population seen in
practice, enhancing the clinical relevance of our findings. To our knowledge, this is among the first investigations
evaluating NT-proBNP as a prognostic marker specifically in aGO cancer, underscoring its novelty.
Despite these advantages, several limitations must be acknowledged. NT-proBNP was measured only at baseline,
so temporal changes during therapy were not captured. Ongoing monitoring might provide insights into disease
trajectory and treatment response. Additionally, due to the absence of formal sarcopenia assessment, a detailed
analysis of the interplay among frailty, muscle mass, NT-proBNP, and survival could not be performed. Finally,
although the cohort mirrors an older and frailer population, results may not extend to younger or fitter individuals
with aGO cancer, necessitating external validation.

Conclusion

In conclusion, this study demonstrates that NT-proBNP serves as an independent prognostic indicator in elderly
and/or frail patients with advanced gastroesophageal cancer. Incorporating NT-proBNP testing into clinical
evaluation may enable more refined patient selection and better-informed treatment decisions. Further studies are
needed to verify these findings and define NT-proBNP’s role in oncologic management. Should its prognostic
utility be confirmed, it could support research into cardioprotective strategies—for example, incorporating ACE
inhibitors or beta-blockers alongside standard cancer therapy.

e
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