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SUMMARY

Background: This study aimed to investigate the role of serum N-terminal pro-B-type natriuretic peptide (NT-
proBNP) and high-sensitivity cardiac troponin T (hs-¢TnT) in predicting the occurrence and prognosis of symp-
tomatic cardiovascular toxicities (CVTs) in non-Hodgkin's lymphoma (NHL) patients receiving anthracyclines
(ATCs).

Methods: We conducted a retrospective analysis of serum NT-proBNP and hs-cTnT levels in 182 NHL patients
undergoing anthracycline treatment. The post-treatment elevation ratio (ER) of NT-proBNP (NT-proBNP-ER)
was calculated, and receiver operating characteristic curves (ROCs) were generated.

Results: The area under the curves (AUCs) of NT-proBNP-ER, hs-cTnT, and their combination for diagnosing
symptomatic CVTs were 0.903, 0.811, and 0.9807, respectively. Serum NT-proBNP-ER > 2.56 and hs-¢TnT >
11.68 ng/L were positively correlated with the occurrence of symptomatic CVTs. Patients with a post-treatment
NT-proBNP-ER > 2.56 had shorter progression-free survival (PFS) and overall survival (OS) than those with an
NT-proBNP-ER < 2.56. Similarly, patients with post-treatment hs-cTnT > 11.68 ng/L experienced markedly
shorter PFS and OS compared to those with hs-¢cTnT < 11.68 ng/L.

Conclusions: An NT-proBNP-ER > 2.56 or hs-cTnT > 11.68 ng/L, individually or combined, are significant pre-
dictors of symptomatic CVTs. Exceeding these thresholds indicates a poor prognosis in NHL patients treated with
anthracyclines.
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Non-Hodgkin's lymphoma (NHL) is a heterogenous
group of lymphoproliferative neoplasms with diverse
biological behaviors [1]. It originates in lymphoid tis-
sues and proliferates through neoplastic lymphocytes,
spreading throughout the body [2]. Despite considerable
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chemotherapy resistance or relapse after brief remis-
sion, necessitating novel rescue therapies for managing
tumor growth [3]. Anthracyclines, common first-line
chemotherapeutic agents for many tumors, are associ-
ated with cardiotoxicity, a leading cause of mortality in
cancer patients [4,5]. They induce cardiac damage by
generating oxygen free radicals through both enzymatic
and non-enzymatic pathways. This process involves the
reduction of the anthraquinone group to semiquinone
free radicals, which then interact with oxygen free radi-
cals and other electrons, leading to an overload of oxy-
gen free radicals. This excess overwhelms the detoxifi-
cation capacity of the cardiac mitochondria and sarco-
plasmic reticulum, causing heart damage [6,7]. Addi-
tionally, anthracyclines can form iron chelates through a
non-enzymatic pathway, resulting in the production of
oxygen radicals [8]. CVT, or drug-induced cardiac in-
jury, encompasses various adverse effects as defined by
the 2021 consensus of the Scientific Council of the In-
ternational Cardio-Oncology Society (IC-OS) [9].
Anthracycline-related CVT is dose-dependent and can
cause irreversible myocardial damage, primarily mani-
festing as cardiac insufficiency, heart failure, and ar-
rhythmia [10]. This cardiac impairment begins with
subclinical myocardial injury [11], leading to a decline
in left ventricular ejection fraction (LVEF) and eventu-
ally symptomatic heart failure. Notably, myocardial
damage may occur after the first dose of anthracycline
therapy [12], indicating that there is no absolutely safe
dose. Thus, identifying early diagnostic biomarkers or
predictors of CVT during anthracycline therapy holds
significant clinical importance.

Currently, ultrasound cardiography is the preferred
method for assessing cardiac function before and after
cancer treatment, with left ventricular ejection fraction
(LVEF) being the most commonly used indicator. How-
ever, its sensitivity is relatively low, limiting the detec-
tion of subclinical myocardial injury, and measurement
variability can reach up to 10% [13]. N-terminal pro-B-
type natriuretic peptide (NT-proBNP) is secreted by
ventricular muscles and varies with ventricular wall ten-
sion. Increased ventricular wall tension and NT-proBNP
secretion occur during heart failure onset, with the level
of increase indicating the severity of the heart failure
[14]. Hs-cTnT is a myocardium-specific structural pro-
tein and a marker of cardiomyocyte injury, with its peak
value indicating the extent of the injury [15]. According
to the 2021 CSCO guidelines on the prevention of tu-
mor treatment-related CVT, NT-proBNP and hs-cTnT
are valuable for assessing baseline CVT risk and diag-
nosis. They assist in the early identification, monitoring,
and prognosis of myocardial injury, although their opti-
mal positive thresholds remain undefined [9]. Addition-
ally, NT-proBNP levels are influenced by age, gender,
renal function, body mass index (BMI), and other indi-
vidual differences [16-18]. Given the undefined diag-
nostic thresholds of these cardiac biomarkers and their
relationship with the occurrence and prognosis of an-
thracycline-induced CVTs, this retrospective study ana-

lyzed the clinical data of 182 NHL patients treated with
anthracyclines. It focused on observing changes in NT-
proBNP and hs-cTnT levels before and after treatment
to ascertain their predictive value for symptomatic CVT
events and patient prognosis. For the first time, clinical
symptoms, LVEF, ECG changes, and the increased ra-
tio of NT-proBNP and hs-cTnT before and after treat-
ment were evaluated for their predictive value in symp-
tomatic CVT events following anthracycline treatment
and for prognosis assessment.

MATERIALS AND METHODS

Clinical data

Patient data from patients with NHL treated at Fujian
Cancer Hospital between January 2017 and December
2019 were retrospectively collected from medical re-
cords. Inclusion criteria included patients aged over 18
years and an Eastern Cooperative Oncology Group
(ECOQG) score of 2 or less, starting epirubicin (EADM)
treatment post-admission. Exclusion criteria encom-
passed a baseline left ventricular ejection fraction
(LVEF) below 50%, congenital cardiovascular diseases,
primary cardiac tumors, tumor-induced cardiac inva-
sion, and prior chest radiotherapy or anthracycline use.
Collected data encompassed gender, age, histopatholo-
gical type, clinical stage [19], cumulative EADM dose,
hypertension, diabetes, pre-treatment serum lactate de-
hydrogenase (LDH), white blood cells (WBCs), choles-
terol (CHOL), and type of CV toxicity. A total of 182
NHL patients treated with EADM were enrolled (Figure
1), including 137 with diffuse large B-cell lymphoma,
21 with follicular lymphoma, 12 with mantle cell lym-
phoma, and 12 with other lymphoma types. Out of
these, 16 patients experienced CV toxicity events: 9
with arrhythmia and 7 with symptomatic cardiac dys-
function. Detailed clinicopathological features are pres-
ented in Supplementary Table 1.

Determination of blood serum component levels
Written informed consent was obtained from patients
prior to initial sample collection. The Ethics Committee
of Fujian Cancer Hospital approved the use of human
tissue samples (no. K2022-127-01). Intravenous blood
samples (3 to 4 mL) were taken from the patients before
and after each treatment course, or upon the emergence
of symptoms, signs, and risk factors for myocardial in-
jury. Samples were left at room temperature for 30 min-
utes and centrifuged at 3,000 r/minute for 5 minutes
with a 15-cm radius centrifuge. Serum was extracted
and stored at -80°C for analysis.

Serum NT-proBNP and hs-cTnT concentrations were
determined by electrochemiluminescence immunoassay
(Roche COBAS 411 electrochemiluminescence ana-
lyzer). LDH activity was measured using the standard-
ized lactate substrate method (Beckman AUS5800 Clini-
cal Chemistry Analyzer). Total cholesterol (CHOL) lev-
els were assessed via the cholesterol oxidase-peroxidase
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enzymatic method (Beckman AU5800 Clinical Chemis-
try Analyzer), with established cutoff values of 250 U/L
for LDH and 5.7 mmol/L for CHOL. Immediately after
collection, 2 mL of blood were gently shaken for WBC
measurement via flow cytometry (Sysmex XN-2000
Hematology Analyzer), with a cutoff value of 9.5 x
10%/L.

Diagnostic standard for symptomatic cardiovascular
toxicity (CVT) events

The classification and definition of CVT events were
based on the 2021 consensus statement of the Interna-
tional Society of Cardiovascular Oncology (IC-OS) [20]
and the Chinese Society of Clinical Oncology (CSCO)
Guidelines for the prevention and treatment of cardio-
vascular toxicity in oncology. Briefly, cancer therapy-
related cardiac dysfunction is categorized into asympto-
matic and symptomatic types. Asymptomatic cardiac
dysfunction is diagnosed through changes in cardiac se-
rum biomarkers (e.g. cardiac troponin I [c¢Tnl], hs-
c¢TnT) and echocardiographic indicators (e.g. LVEEF,
global longitudinal strain [GLS]). Symptomatic cardiac
dysfunction is diagnosed based on clinical manifes-
tations such as chest tightness, palpitations, fatigue,
weakness, reduced urine output, various degrees of dys-
pnea, exacerbated after exertion, and corroborated by
LVEF or biomarker readings. CVT events, according to
clinical symptoms, are classified as mild (no treatment
required), moderate (diuretics needed for outpatient
care), severe (hospitalization for heart failure), or ex-
tremely severe (mechanical circulatory support re-
quired). The grading for abnormal heart rate is as fol-
lows: level 1 (asymptomatic, no intervention necessary),
level 2 (non-emergency medical intervention required),
level 3 (emergency medical intervention required), and
level 4 (life-threatening).

Clinical treatment and follow-up

Routine medical history, electrocardiogram (ECG), and
serum tests for NT-proBNP, hs-cTnT, LDH, CHOL,
and WBC were conducted before treatment. All 182
NHL patients received epirubicin as part of the R-
CHOP/R-CHOEP/DA-EPOCH-R/R-miniCHOP chemo-
therapy regimens. The R-CHOP regimen includes Ri-
tuximab 375 mg/m? (intravenous) on day 1, Cyclophos-
phamide 750 mg/m? (intravenous), Epirubicin 40 - 50
mg/m? (intravenous), Vincristine 1.4 mg/m? (maximum
of 2 mg/m?) on day 2, and Prednisone 100 mg orally
from day 2 - day 6 of each cycle. R-CHOEP adds Eto-
poside 100 mg/m? (intravenous) on days 2 - 4. DA-
EPOCH-R consists of Rituximab 375 mg/m? (intrave-
nous) on day 1, Etoposide 50 mg/m? (intravenous), Vin-
cristine 0.4 mg/m?, Epirubicin 10 mg/m? (intravenous)
on days 2 - 5, Cyclophosphamide 750 mg/m? (intrave-
nous) on day 6, and Prednisone 100 mg orally on days
2 - 6. Frail patients were administered R-miniCHOP at
a reduced dosage.

These regimens were repeated every 21 days, typically
over 6 cycles (range: 4 - 8). Dexrazoxane was utilized

Clin. Lab. 3/2026

to mitigate cardiotoxicity before commencing chemo-
therapy.

Cardiovascular symptoms (chest tightness, palpitations,
fatigue, weakness, reduced urine output, dyspnea of va-
rying degrees, exacerbated post-exertion) were moni-
tored throughout chemotherapy. If needed, additional
NT-proBNP and hs-cTnT tests, electrocardiography,
and color flow Doppler echocardiography were per-
formed. Electrocardiography combined with NT-
proBNP and hs-cTnT testing was routine after each che-
motherapy cycle. The onset and duration of cardiovas-
cular toxicity events, time of death, and data on patients'
progression-free survival (PFS) and overall survival
(OS) were compiled through medical records, corres-
pondence, phone calls, and visits.

Follow-up continued until June 2022, spanning 66
months. Out of the 182 NHL patients, 5 were lost to fol-
low-up, resulting in a follow-up rate of 97.3%. Among
the 177 patients who attended follow-up visits, 35 expe-
rienced relapse or disease progression, accounting for a
recurrence rate of 19.77%; 13 patients died, leading to a
mortality rate of 7.34%. Progression-free survival (PFS)
was calculated from the start of anthracycline treatment
to the onset of relapse, progression, or death from any
cause; overall survival (OS) was determined from the
initiation of treatment to death from any cause.

Statistical analyses

Statistical analyses were conducted using SPSS 16.0
software (SPSS Inc, Chicago, IL, USA). Quantitative
data were presented as mean =+ standard deviation (SD),
with medians (and interquartile ranges) for skewed dis-
tributions, and compared using independent or paired
sample f-tests. The non-parametric test assessed vari-
ance heterogeneity, while the chi-squared (y?) or Fish-
er's exact test evaluated the incidence of CVT. The
post-treatment NT-proBNP quantity divided by the pre-
treatment baseline value was defined as the NT-proBNP
elevation ratio (NT-proBNP-ER). Multivariable logistic
regression analysis examined the association between
each pathological feature. The prognostic significance
of NT-proBNP-ER and hs-cTnT in patients with symp-
tomatic CVT events, along with differences in PFS and
OS, were analyzed using the Kaplan-Meier method. A
p-value < 0.05 was considered statistically significant.

RESULTS

Symptomatic CVT events in patients with non-
Hodgkin's lymphoma

Patient inclusion is illustrated in Figure 1. Among 182
NHL patients treated with anthracyclines, 132 exhibited
no relevant abnormalities, while 34 experienced tran-
sient ECG abnormalities without associated symptoms,
suggesting reversible damage not categorized as CVT in
this study. Sixteen patients developed symptomatic
CVT events: nine with grade 2 or higher arrhythmia
(four with sinus tachycardia, three with atrial fibrilla-
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Table 1. Multivariable logistic regression analysis of symptomatic CVT events.

p value SE value Wald value OR 95% CI p-value
Age 1.005 0.910 1.220 3.787 0.459 - 16.265 0.269
Gender -1.721 0.974 3.121 1.594 0.027 - 1.207 0.077
Diabetes mellitus -0.362 1.955 0.034 0.497 0.015 - 32.111 0.853
Hypertension -2.258 1.259 3.215 0.689 0.009 - 1.234 0.073
Clinical stage 1.040 0.940 1.225 1.452 0.449 - 17.852 0.268
EADM -1.278 0.949 1.813 0.389 0.043 - 1.790 0.178
LDH 0.590 0.952 0.384 1.448 0.279 - 11.652 0.535
WBC 0.257 1.296 0.039 1.593 0.102 - 16.386 0.843
CHOL 0.340 0.977 0.121 1.452 0.207 - 9.534 0.728
NT-proBNP-ER 4.030 0.975 17.071 35.750 8.315 - 380.322 0.000
c¢INT 3.126 1.059 8.712 21.389 2.858 - 181.596 0.003
Table 2. Comparative predictive value of absolute NT-proBNP and c¢TnT levels for cardiotoxicity.
Comparative analysis of related research in the field
. .. .. Prog-
Cardiot dict
Study Sample | Cancer Detection ardiotoxicity prediction nostic
Source . . Markers " " .
design size type platform Cutoff Sensi- Speci- AUC/OR predic-
uto tivity ficity tion
Zhang
etal. SR:z:i"v' .| 8 | DLBCL | hscTnT | Cobas M 3’500,07255;?[’1 ';‘L 69.2% | 83.9% 0.79 /
2017 28] | P .
L Pro- Breast
et al. spective 78 cancer hs-cTnT Abbott >5ng/L 69% 86% 0.84 /
2020 [26] | P
Biniyam hs-cTnT Cobas > 14 ng/L 60.3% | 62.5% / /
Pro- Breast
G spective = cancer
2020 [27] NT- o o
proBNP Cobas > 300 ng/L 22.0% | 94.2% / /
ACM
(OR:
Daniel Breast | o TnT Cobas >7 ng/L / / / 2.21,
Retro- cancer -
et al. spective el and o
2021 31] | P others 0.0038)
NT- . ACM
proBNP Siemens > 141 ng/L / / / (p=0.4)
ACM
OR 1.60, | (OR5.99
hs-cTnT Cobas >7 ng/L / / p = 0.006 p<
Romann Breast 0.001)
Retro- cancer > 450 pg/mL
et al. . 1,971
2020 [32] spective and Age- (<50 years) ACM
others adjusted Siemens >900 pg/mL / / OR 4.00, | (OR4.51
NT- (50 - 75 years) p <0.001 p<
proBNP >1,800 pg/mL 0.001)
(> 75 years)

DLBCL diffuse large B-cell lymphoma, ACM all-cause mortality.
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HNL patients admitted to hospital from
January 2017 through December 2019,
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Figure 1. Flow diagram depicting the patient inclusion process in this study.
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Figure 2. Serum NT-proBNP and hs-cTnT levels before and after ATC treatment.

Graphs depicting changes in NT-proBNP (A, B) and hs-cTnT (C, D) levels before and after treatment in patients without toxicity, and changes
in NT-proBNP (E, F) and hs-cTnT (G, H) levels in patients with toxicity.
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Figure 3. Post-therapeutic serum NT-proBNP-ER and hs-cTnT levels in predicting symptomatic CVT.

A, B Comparison of serum NT-proBNP-ER before and after ATC treatment in the toxic and non-toxic groups. C ROC curve analysis illustrat-
ing the predictive value of NT-proBNP-ER and hs-c¢TnT levels, and their combined use for symptomatic CVT. D Serum NT-proBNP-ER and
hs-cTnT levels in two HNL patients during follow-up in the ATC treatment study.

tion, two with premature ventricular beats), and seven
with symptomatic cardiac dysfunction (five mild to
moderate, two severe). Cardiovascular toxicity was
managed following the cessation of anthracycline che-
motherapy and related therapy. The incidence of CVT
events was 8.79%, with a median time to diagnosis of
37.5 (range: 6.0 to 116.5) days. Out of these, 11 patients
over 60 years old showed an 18.03% (11/61) incidence
rate, significantly higher than the 4.76% (5/105) rate in
patients 60 years or younger (y*> = 6.251; p = 0.012)
(Supplementary Table 1).

Changes in serum NT-proBNP and hs-cTnT levels
before and after anthracycline treatment

In the 16 patients with CVT events, serum NT-proBNP
and hs-cTnT levels significantly increased from 107.95
(85.85, 227.65) and 9.17 (3.14, 12.44) ng/L pre-treat-
ment to 723.00 (326.35, 1,500.50) and 13.58 (7.06,
24.00) ng/L post-treatment. These increases were statis-
tically significant in both unpaired (z = -2.579, p =
0.021) and paired sample #-tests (¢ = -2.422, p = 0.029)
(Figures 2A to 2D). In contrast, patients without con-
current toxicities showed no significant change in NT-
proBNP and hs-cTnT levels: pre-treatment levels were
38.21 (20.64, 65.52) and 5.56 (3.35, 7.43) ng/L, com-
pared to post-treatment levels of 32.49 (17.52, 70.60)
and 5.68 (3.99, 8.05) ng/L. These differences were non-
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Figure 4. Prognostic implications of NT-proBNP-ER and hs-cTnT levels post-ATC treatment in NHL patients.

A, B Patients with an NT-proBNP increase ratio of 2.56-fold had poor PFS and OS. C, D Patients with a post-therapeutic hs-cTnT level of

11.68 pg/mL exhibited poor PFS and OS.

significant in unpaired (¢ = -0.224, p = 0.823) and paired
sample #-tests (¢ = -1.938, p = 0.054) (Figures 2E to
2H). These findings indicate that increases in serum
NT-proBNP and hs-cTnT levels following initial an-
thracycline treatment are associated with symptomatic
CVT events in these patients.
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Estimating predictive value of serum NT-proBNP
elevation ratio and hs-cTnT after anthracycline
treatment with ROC analysis

Evidence suggests that NT-proBNP levels are influ-
enced by age, gender, renal function, and BMI. To ac-
count for these individual differences, we calculated the
post-treatment increase in NT-proBNP as an elevation
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ratio (ER), comparing post-first treatment values to
baseline levels. In the 16 patients with concurrent toxic-
ity events, the NT-proBNP elevation ratio (NT-pro-
BNP-ER) was significantly higher at 5.74-fold (range:
3.16 to 10.26) compared to the 0.90-fold (range: 0.61 to
1.39) in patients without concurrent events (Z = -5.301,
p = 0.000) (Figure 3A, 3B).

We assessed the predictive value of serum NT-proBNP-
ER and hs-cTnT using ROC analysis. The area under
the curve (AUC) for NT-proBNP-ER was 0.903 (95%
CIL, 0.789 - 1.018; p < 0.001), with an optimal diag-
nostic threshold of 2.56-fold, yielding a sensitivity of
81.25% and specificity of 92.11%. The AUC of hs-
cTnT was 0.811 (95% CI, 0.676 - 0947; p < 0.001),
with a diagnostic threshold of 11.68 ng/L, resulting in a
sensitivity of 62.50% and specificity of 92.77%. Com-
bining both biomarkers increased the AUC to 0.981
(95% CI, 0.959 - 1.000; p < 0.001) and improved sen-
sitivity to 93.75% and specificity to 95.39% (Figure
30).

Two patients were followed for up to 16 months during
treatment (Figure 3D, 3E). They exhibited symptoms
like chest tightness and palpitations during initial
EADM treatment. While their LVEFs remained above
60%, post-treatment hs-cTnT levels were below 11.68
ng/L. However, NT-proBNP levels increased, with NT-
proBNP-ER of 5.74-fold and 17.59-fold, respectively.
ECGs indicated that atrial fibrillation and ventricular ar-
rhythmia normalized immediately after stopping EADM
treatment and implementing cardiac protection. These
observations indicate that NT-proBNP-ER is a useful
marker for identifying and predicting symptomatic
CVTs in NHL patients undergoing anthracycline che-
motherapy.

The relationship between serum NT-proBNP-ER,
hs-cTnT, and symptomatic CVT events after anthra-
cicline treatment

Using serum NT-proBNP-ER > 2.56 and hs-cTnT >
11.68 ng/L as cutoff values, along with using age, gen-
der, clinical stage, and cumulative anthracycline dose
(mg/m?) as independent variables, we determined that
NT-proBNP-ER > 2.56-fold (OR [odds ratio] = 35.750,
95% CI, 8.315 - 380.322; p = 0.000) and hs-cTnT in-
crease > 11.68 ng/L (OR = 21.389, 95% CI, 2.858 -
181.596; p = 0.003) were significantly associated with
the occurrence of symptomatic CVT events (Table 1).
This suggests that serum NT-proBNP-ER and hs-¢cTnT
are reliable predictors of symptomatic CVT events fol-
lowing anthracycline treatment.

Association between serum NT-proBNP-ER/hs-cTnT
and PFS and OS after anthracycline treatment.

By June 2022, 5 of the 182 NHL patients were lost to
follow-up, representing a 2.6% loss rate. For the re-
maining 177 patients, follow-up duration post-therapy
initiation ranged from 3 to 66 months. There were 35
relapsed cases, yielding a recurrence rate of 19.77%.
The median follow-up for OS was 42 months, with 13
deaths and a mortality rate of 7.34%.

Among the 177 patients, 25 had a post-treatment NT-
proBNP-ER > 2.56-fold, and 19 had hs-cTnT > 11.68
ng/L. The 5-year recurrence and mortality rate for the
25 patients with an NT-proBNP-ER > 2.56-fold were
40.0% (10/25) and 24.0% (6/25), respectively. In con-
trast, patients with an NT-proBNP-ER < 2.56-fold had
lower 5-year recurrence rate (13.8%; 21/152) and 5-year
mortality rate (7.2%; 11/152) (Figure 4A, 4B). The 19
patients with hs-cTnT > 11.68 ng/L post-treatment had
significantly higher 5-year recurrence (42.1%; 8/19) and
mortality rates (21.1%; 4/19) than those with hs-cTnT <
11.68 ng/L, whose rates were 13.9% (22/158) and 7.6%
(12/158), respectively (Figure 4C, 4D).

DISCUSSION

Anthracyclines are pivotal in the evolution of medical
oncology, commonly used as first-line chemotherapy
for NHL [7,21]. As outlined in the 2021 International
Cardio-Oncology Society (IC-OS) consensus statement,
CVTs are adverse events that can occur during anthra-
cycline therapy. This treatment is often linked with type
I cardiotoxicity, typically resulting in irreversible and
permanent myocardial damage, manifesting as cardiac
insufficiency, heart failure, and arrhythmia [10]. Early
detection is crucial for preventing and managing CVTs
and enhancing patient prognosis. Currently, echocardio-
graphy is the preferred method for monitoring cardiac
function in tumor patients before and after treatment,
with LVEF being the most widely-used index. How-
ever, its limited sensitivity impedes the detection of
subclinical myocardial injury [13].

Key serum biomarkers of cardiac function include hs-
c¢TnT and NT-proBNP. NT-proBNP, secreted by the
ventricular muscle, varies with ventricular wall tension
and plays a role in the negative feedback regulation of
ventricular filling pressure. During heart failure, in-
creased ventricular wall tension leads to a significant
rise in NT-proBNP secretion, which is positively cor-
related with heart failure severity. Thus, NT-proBNP is
a valuable biomarker for diagnosing, determining dis-
ease severity, and evaluating the prognosis of heart fail-
ure [14]. Cardiac troponins, specific structural proteins
in cardiomyocytes, serve as indicators of cardiomyocyte
injury; their serum levels reflect the extent of myocardi-
al damage [15,22]. In the context of chemotherapy-re-
lated cardiotoxicity, NT-proBNP and hs-cTnT are more
sensitive than echocardiography for early diagnosis [23-
25]. The 2021 CSCO guidelines for preventing and
treating cancer treatment-related CVT highlight the im-
portance of these biomarkers in assessing baseline CVT
risk and identifying risk factors, aiding in the early de-
tection, monitoring, and prognosis of myocardial injury.
However, the lack of defined optimal positive thresh-
olds limits their diagnostic application [9].

Furthermore, NT-proBNP levels are significantly influ-
enced by individual physiological factors, including
age, gender, BMI, and renal function. For instance, NT-
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proBNP levels tend to rise with age, possibly due to
changes in cardiac structure/function, declining renal
function, or increased heart weight in older individuals
[17]. Additionally, NT-proBNP levels are generally
higher in healthy women than in men [16] and show an
inverse linear relationship with BMI, with higher BMI
associated with lower NT-proBNP levels [18]. Conse-
quently, the diagnostic and exclusion thresholds for
heart failure using NT-proBNP should be adjusted
based on these factors. Our retrospective study is unique
in utilizing the NT-proBNP elevation ratio (NT-
proBNP-ER, calculated by comparing biomarker values
before and after initial anthracycline treatment) to ac-
count for individual variations and establish the optimal
positive threshold for early diagnosis of symptomatic
CVT events in NHL patients undergoing anthracycline
therapy. This study also evaluates the efficacy of NT-
proBNP and hs-cTnT in predicting the occurrence of
symptomatic CVT events and patient outcomes. It
found that an NT-proBNP-ER of 2.56-fold and a hs-
c¢TnT level of 11.68 ng/L are significant indicators of
symptomatic CVT events in patients with NHL treated
with anthracyclines. Moreover, exceeding these thresh-
olds is associated with a poorer prognosis.

Among the 182 NHL patients receiving anthracycline
therapy, 16 experienced symptomatic CVT events. Out
of these, 9 presented with arrhythmia, and 7 with symp-
tomatic cardiac dysfunction. Notably, 11 patients were
over 60 years old, exhibiting a higher incidence of tox-
icity events at 18.03% (11/61), compared to the 4.76%
(5/105) in patients 60 years old or younger, indicating a
higher risk of symptomatic CVTs with advancing age.
Post-treatment serum NT-proBNP and hs-cTnT levels
in these 16 patients significantly increased from base-
line values of 107.95 (85.85, 227.65) and 9.17 (3.14,
12.44) ng/L to 723.00 (326.35, 1,500.50) and 13.58
(7.06, 24.00) ng/L, respectively. In patients without
concurrent toxicities, a transient increase in NT-proBNP
levels was observed post-chemotherapy, returning to
baseline levels shortly thereafter and decreasing below
baseline by the end of chemotherapy. This pattern was
consistent with the findings in 34 patients who exhib-
ited transient ECG abnormalities without related symp-
toms and returned to normal without treatment. The 16
patients with symptomatic CVTs after treatment dem-
onstrated a significantly higher NT-proBNP increase ra-
tio of 5.74-fold (3.16, 10.26), compared to a 0.90-fold
(0.61, 1.39) increase in patients without concurrent
events. Receiver operating characteristic (ROC) curve
analysis of serum NT-proBNP-ER and hs-cTnT re-
vealed an optimal diagnostic threshold of 2.56-fold for
NT-proBNP-ER, with a sensitivity of 81.25%, specifici-
ty of 92.11%, and AUC of 0.903. For hs-cTnT, at a
threshold of 11.68 ng/L, the sensitivity was 62.50%,
specificity was 92.77%, and AUC was 0.811. Combined
analysis of both biomarkers yielded a sensitivity of
93.75% and specificity of 95.39%, with an AUC of
0.981. Further multivariable logistic regression analysis
showed that a serum NT-proBNP-ER of 2.56-fold and
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hs-cTnT level of 11.68 ng/L were significantly associ-
ated with the occurrence of symptomatic CVT. In the 16
patients with symptomatic CVT events, the absolute
LVEF decrease of more than 10% during treatment was
significant, with post-treatment values of 59.33% =+
2.96% and 59.25% =+ 2.19%.

Tzolos et al. demonstrated that pre-treatment hs-cTnl
concentrations in breast cancer patients prior to the sec-
ond cycle of anthracycline therapy strongly predicted
subsequent myocardial injury (sensitivity: 69%, speci-
ficity: 86%, ROC: 0.84) [26]. Other studies identified
post-treatment hs-cTnT (> 14 ng/L) and NT-proBNP
(> 300 ng/L) levels as significant predictors of CTRCD
risk (HR 2.01; 95% CI 1.00 - 4.06 and HR 1.56; 95%
CI 1.32 - 1.84, respectively) [27]. Zhang et al. proposed
that hs-cTnT increase > 0.0075 ng/mL from baseline
showed superior predictive value (sensitivity: 96.2%,
specificity: 83.9%, ROC: 0.79) [28] (Table 2). Our
study innovatively introduced serum NT-proBNP eleva-
tion ratios to minimize interindividual variations from
age, gender, obesity, and renal function, with combined
hs-cTnT analysis significantly improving diagnostic
performance over absolute values (sensitivity: 93.75%,
specificity: 95.39%, AUC: 0.981). Notably, all 16
symptomatic cardiotoxicity cases maintained LVEF >
50% with < 10% absolute decline, suggesting NT-
proBNP and hs-cTnT detect cardiovascular toxicity
earlier than LVEF changes and may serve as predictive
biomarkers for symptomatic cardiotoxicity in HNL pa-
tients receiving anthracyclines.

The cardiac biomarkers NT-proBNP and hs-cTnT are
essential for early prediction of cardiac complications
during chemotherapy and have significant value in fore-
casting patient mortality. Previous research has demon-
strated a strong correlation between elevated post-che-
motherapy NT-proBNP levels and one-year mortality in
breast cancer patients [29]. Additionally, NT-proBNP is
a reliable predictor for the occurrence and prognosis of
heart failure in cancer patients receiving cardiotoxic
chemotherapy [30]. Patients with pre-chemotherapy se-
rum hs-¢TnT > 7 ng/L demonstrated significantly lower
S-year survival rates compared to those with lower lev-
els (p < 0.001) [31]. Romann et al. further established
that age-adjusted NT-proBNP effectively predicted both
all-cause mortality (ACM) and cardiotoxicity occur-
rence [32] (Table 2). In line with these findings, our
study followed 182 NHL patients undergoing anthracic-
line treatment and observed a 2.56-fold increase in NT-
proBNP post-treatment. Furthermore, the PFS and OS
in patients with post-treatment hs-cTnT levels > 11.68
ng/L is significantly shorter than those patients without
a 2.56-fold NT-proBNP increase or those whose post-
treatment hs-cTnT levels were < 11.68 ng/L. This sug-
gests that these thresholds have clinical relevance in
predicting post-treatment PFS and OS.

The detection and monitoring of serum cardiac function
biomarkers hold practical and clinical importance. Since
CVT induced by cancer treatment often initially mani-
fests as abnormal cardiac function biomarkers, timely
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and effective intervention during this early phase can
prevent or reverse CVT events, thereby improving pa-
tients' progression-free and overall survival times. This
reduces reliance on echocardiography and radionuclide
imaging [20].

A limitation of this study is the small number of cases
and the limited range of chemotherapeutic regimens ex-
amined. Future research should therefore focus on dif-
ferent chemotherapy drug combinations, expand the
sample size, and utilize tracking methods beyond echo-
cardiography to validate and further investigate optimal
detection and management of CVT events.

CONCLUSION

Our study found that a serum NT-proBNP-ER of 2.56-
fold and a hs-cTnT level of 11.68 ng/L are predictive of
CVT complications and their prognosis in patients
treated with anthracyclines, underlining their impor-
tance for the early clinical detection of symptomatic
CVTs. However, as the detection of NT-proBNP and
hs-cTnT is influenced by various factors, accurate diag-
nosis of CVT events induced by tumor treatment should
not solely rely on serological markers but should also
incorporate clinical symptoms and other relevant data.
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