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Objective: To explore the predictive value of dynamic changes in procalcitonin (PCT) and C-reactive protein (CRP) in evaluating
early treatment response in patients with pulmonary tuberculosis (PTB).

Methods: A retrospective study was conducted on 168 PTB patients from June 2022 to June 2024. Based on early treatment efficacy,
patients were divided into an effective group (136 cases, 80.95%) and an ineffective group (32 cases, 19.05%). Clinical data of the two
groups were compared, and variables showing significant differences were analyzed using logistic regression analysis. The predictive
value was evaluated through ROC curves, nomograms, and calibration curves. The dynamic changes in PCT and CRP and their
correlations with treatment outcomes were also analyzed.

Results: Significant differences were observed between the ineffective and effective groups in terms of the number of lung fields
involved and pulmonary cavitary lesions (P < 0.05). Additionally, baseline levels of PCT, CRP and IL-6 were significantly higher in
the ineffective group than in the effective group (P < 0.05). The number of lung fields involved, pulmonary cavitary lesions, PCT,
CRP, and IL-6 were identified as independent factors influencing early treatment efficacy in PTB patients. PCT, CRP, and IL-6
demonstrated high predictive value for treatment outcomes. On days 1, 5, and 7 after treatment, PCT and CRP levels were
significantly lower in the effective group than in the ineffective group (P < 0.05), with the most pronounced difference observed
on day 1. Greater reductions in PCT and CRP levels were associated with better treatment outcomes and larger lesion absorption
area (P < 0.05).

Conclusion: The number of lung fields involved, pulmonary cavitary lesions, PCT, CRP, and IL-6 all influence early treatment
efficacy in PTB patients. Among these, dynamic changes in PCT and CRP exhibit high predictive value, providing a reliable basis for
clinical assessment.
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Introduction

Pulmonary tuberculosis (PTB), a prevalent chronic infectious disease caused by Mycobacterium tuberculosis, exhibits
a high transmission rate, predominantly via respiratory droplets or contaminated surfaces.! The primary clinical
manifestations include cough, fever, chest tightness and night sweats. In severe cases, patients may experience
respiratory symptoms such as dyspnea. In recent years, the global incidence of tuberculosis has been rising annually,
with China being the second most affected country, ranking first in both incidence and mortality among infectious

diseases.” The treatment of PTB is a prolonged and intricate process, necessitating strict adherence to anti-tuberculosis
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medications while closely monitoring treatment efficacy and adjusting the therapeutic regimen as needed.® Previous
study® has underscored the critical importance of early and accurate assessment of treatment response to optimize
therapeutic strategies, reduce the emergence of drug resistance, improve cure rates, and enhance patient prognosis.
However, traditional assessment methods often have certain limitations and may not meet the need for early and precise
clinical evaluation. The improvement of clinical symptoms tends to be delayed, usually becoming apparent only after
several weeks of treatment, which makes it difficult to promptly determine the effectiveness of the initial treatment
regimen. Chest imaging can reflect overall changes in lesions, but short-term absorption or reduction in lesions is often
not evident, potentially leading to delays in treatment adjustments. Sputum smear or culture for Mycobacterium
tuberculosis conversion to negative remains the traditional gold standard, yet culture requires a long period of 4-8 weeks,
which is time-consuming and subject to variations in specimen quality and detection techniques, thereby failing to
provide timely support for early treatment decisions. These limitations may not only increase the risk of drug-resistant
tuberculosis but also prolong the infectious period and aggravate the disease burden for patients. Hence, there is an urgent
need to identify more timely and sensitive early assessment indicators.’

Procalcitonin (PCT) and C-reactive protein (CRP) are commonly used clinical inflammatory biomarkers, have gained
widespread attention in the field of diagnosis and treatment monitoring of infectious diseases. CRP has been utilized for
over 40 years, while PCT has gradually become a core indicator for infection assessment in the past two decades.® Both
play significant roles in the diagnosis, disease monitoring, and prognosis evaluation of infectious diseases.” PCT is
a precursor of the hormone calcitonin secreted primarily by C cells of the thyroid gland. In healthy individuals, serum
PCT levels are typically maintained at a low baseline. However, in the context of systemic bacterial infections, sepsis,
and other severe infectious conditions, PCT synthesis is markedly upregulated, and its serum concentration can rise
sharply within hours. The magnitude of this increase is closely associated with the severity of infection and prognosis.
CRP, an acute-phase reactant synthesized by the liver, exhibits a rapid increase in response to inflammation, infection,
and tissue damage, with significant changes detectable within several hours post-inflammation. The fluctuation in CRP
levels serves as a sensitive indicator of the degree of inflammatory activity and treatment efficacy.® Previous studies have
explored the application of biomarkers in the evaluation of PTB treatment. However, some indicators are limited by
insufficient specificity or a lack of dynamic monitoring data, and the predictive value of combined dynamic monitoring
of PCT and CRP in the early treatment response of PTB has not yet reached a consensus, with a scarcity of large-scale
clinical data to support it. Therefore, this study focuses on the dynamic patterns of PCT and CRP, integrating
clinicopathological features and other inflammatory factors, to further clarify their predictive efficacy and provide
more precise references for early clinical intervention.

Research’ indicates that during anti-tuberculosis therapy in PTB patients, the inflammatory response evolves as
treatment progresses, potentially correlating with treatment effectiveness. Monitoring the dynamic changes in PCT and
CRP levels provides a valuable basis for assessing the early treatment response in PTB patients from an inflammatory
perspective. Additionally, tracking PCT and CRP levels at various time points can ascertain early treatment efficacy,
promptly identify treatment failures, and detect drug resistance, thereby guiding clinicians in adjusting therapeutic
strategies. This study not only aims to enhance the treatment success rate of PTB but also seeks to mitigate its
transmission, which holds significant practical implications for global tuberculosis prevention and control.'®!'" To
achieve this objective, a retrospective data analysis was conducted to thoroughly investigate the predictive value of
dynamic changes in PCT and CRP levels in assessing the early treatment of PTB patients. By continuously monitoring
serum PCT and CRP levels throughout the treatment process, a comprehensive analysis of their dynamic patterns was
performed. The goal is to optimize the PTB treatment management strategies, thereby improving patient quality of life
and prognosis, and providing a scientific and accurate reference for PTB treatment.

Materials and Methods

General Information
A total of 168 PTB patients admitted to our hospital between June 2022 and June 2024 were retrospectively selected for
this study. The study received approval from the Medical Ethics Committee of Anhui Chest Hospital (Approval No.:
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Ky20250907), and all procedures adhered to the ethical standards of the 1964 Declaration of Helsinki and its amend-
ments. Informed consent was obtained from each participant.

Inclusion Criteria

(1) Meeting the diagnostic criteria for PTB in the “WHO Guidelines on Tuberculosis Infection Prevention and
Control”,'? including clinical symptoms, chest imaging examination, positive Mycobacterium tuberculosis in sputum
smear or sputum culture, etc. (2) Newly diagnosed patients who have not received anti-tuberculosis treatment before. (3)
Aged between 18 and 70 years old. (4) Those who can communicate normally in language and have no cognitive
impairment. (5) Patients and their families were fully informed and gave consent for this study. All diagnoses and
efficacy evaluations in this study strictly followed the WHO Guidelines on Tuberculosis Infection Prevention and

Control, ensuring standardized procedures and international comparability of the assessment process.

Exclusion Criteria

(1) Complicated with other severe infectious diseases, malignant tumors. (2) Severe abnormalities in liver and kidney
functions. (3) Patients with autoimmune diseases or those taking medications potentially affecting immune function. (4)
Pregnant or lactating women. (5) Those with severe visual or auditory impairment. (6) Patients with cancer. (7) Patients
with extrapulmonary infectious diseases (such as active tuberculous pleurisy, tuberculous lymphadenitis, or tuberculous
meningitis) that may affect inflammatory markers (PCT, CRP, IL-6) or the efficacy of anti-tuberculosis treatment. (8)
Poor treatment compliance, resulting in failure to complete the prescribed course of treatment.

Treatment Method

All participants received the standard anti-tuberculosis treatment regimen, which comprised a quadruple therapy of
rifampicin, isoniazid, pyrazinamide, and ethambutol. Rifampicin (Changzhou Pharmaceutical Factory Co., Ltd., National
Drug Approval No. H32021677, specification: 0.15g) was administered before meals once daily at a dosage of 10 mg/kg,
not exceeding 450 mg per day. Isoniazid (Shanghai New Yellow River Pharmaceutical Co., Ltd., National Drug Approval
No. H31020495, specification: 100mg) was taken after meals daily at a dosage of 10 mg/kg, with a maximum of 300 mg
per day. Pyrazinamide (Shenyang Hongqi Pharmaceutical Co., Ltd., National Drug Approval No. H21022352, specifica-
tion: 0.25g) was administered once daily at a dosage of 20-30 mg/kg. Ethambutol (Hangzhou Minsheng Pharmaceutical
Co., Ltd., National Drug Approval No. H33021602, specification: 0.25g) was also administered once daily at a dosage of
20-30 mg/kg. During the intensive treatment phase, spanning two months, and the subsequent consolidation treatment
phase, lasting four to six months, the treatment regimen is modified in response to changes in the patient’s condition and
any adverse drug reactions.

Data Collection

Clinical data and disease-related characteristics of all patients were collected through the hospital’s electronic medical
record management system. These included gender, age, body mass index, place of residence, smoking history, drinking
history, Acute Physiology and Chronic Health Evaluation II (APACHE II) score, clinical symptoms, combined under-
lying diseases (such as diabetes, hypertension, coronary heart disease, and other non-infectious chronic diseases),
combined extrapulmonary diseases (specifically non-infectious diseases outside the lungs, such as thyroid disorders, non-
infectious gastrointestinal diseases, and autoimmune diseases; extrapulmonary infectious diseases were already covered
in the exclusion criteria), number of lung fields involved, pulmonary cavitary lesions, PCT, CRP, IL-6, and tumor
necrosis factor-o. (TNF-a).

Laboratory Examinations

Peripheral venous blood (5 mL) was collected from patients under fasting conditions before treatment (on the day of
treatment initiation) and on days 1, 5, and 7 after treatment. The blood samples were placed in vacuum tubes without
anticoagulant. Serum was isolated after allowing the sample to equilibrate at room temperature for 30 minutes, utilizing
a centrifuge (Jiangsu Yunyu Medical Technology Co., Ltd., Mic30), set at 3000 r/min for a duration of 10 minutes. The
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supernatant venous blood was then transferred to a centrifuge tube (EPeppendorf, EP) and stored at —80°C for subsequent
analysis. Serum PCT levels were quantified using an electrochemiluminescence immunoassay, employing the Roche
Cobas €601 fully automated electrochemiluminescence immunoanalyzer, with the corresponding Roche reagent kit. The
normal reference range for PCT is <0.5 ng/mL. Serum CRP levels were measured via immunoturbidimetry, using the
Beckman Coulter AU5800 fully automated biochemical analyzer, along with the appropriate Beckman Coulter reagent
kit. The normal reference range for CRP is 0-10 mg/L. All steps of sample collection, processing, storage, and testing
were performed in strict accordance with standardized protocols. Centrifugation parameters, storage conditions, instru-
ment models, and reagent brands were clearly documented to ensure the reproducibility of experimental procedures and
the consistency of results.

Criteria for Efficacy Evaluation

After 8 weeks of treatment, the therapeutic efficacy was assessed using a composite endpoint. Patients were classified
into an effective group or an ineffective group based on the combined results of the following three independent
categories of indicators: (1) Microbiological indicators: Results of sputum smear acid-fast bacilli examination and
sputum Mycobacterium tuberculosis culture, with conversion to negative serving as the achievement criterion. (2)
Clinical symptoms and signs: Improvement in symptoms such as cough, expectoration, hemoptysis, fever, night sweats,
and fatigue, as well as the resolution of lung rales) and other physical signs. Significant improvement was regarded as the
achievement criterion. (3) Chest imaging Indicators: Observation of lesions absorption and cavity closure/reduction via
chest X-ray or CT scan. Absorption of lesion area >50% was used as the achievement criterion. Judgment criteria: If all
three categories of indicators met the achievement criteria, the case was judged as effective treatment. If any of the
following occurred, the case was judged as ineffective treatment: persistent positivity of microbiological indicators, no
improvement or worsening of clinical symptoms/signs, or chest imaging showing no change or progression of lesions
(absorption area < 50% or enlargement).

The APACHE Il Scoring Standard

The APACHE II'? scoring system, utilized for evaluating the severity of a patient’s condition, is computed within the first
24 hours following admission. This system assesses the severity by integrating multiple physiological parameters, age,
and prior health status. The APACHE II score comprises three components: acute physiology score, the age score, and
the chronic health score. Specifically, the acute physiology score is a weighted calculation derived from 12 physiological
parameters, including body temperature, mean arterial pressure, heart rate, and respiratory rate. The age score is adjusted
based on the patient’s age, while the chronic health score accounts for any history of severe organ dysfunction or
immunosuppression. The APACHE II score ranges from 0 to 71, with higher scores, indicating more severe conditions
and an elevated risk of mortality. The scale demonstrates good reliability and validity, as evidenced by an overall
Cronbach’s a coefficient of 0.892, and a split-half reliability coefficient of 0.906.

Observation Indicators

Clinical data from all PTB patients were collected, and their clinical characteristics were observed. Based on the early
clinical treatment outcomes, patients were divided into groups. The general demographic data were compared between
the groups, and the items showing significant differences were calculated by multivariate Logistic regression to identify
factors influencing early treatment efficacy. Based on these results, a nomogram, calibration curve, and ROC curve were
constructed to analyze the predictive value of the dynamic changes in PCT and CRP in evaluating early treatment
response in PTB patients. After constructing the nomogram model, internal validation was performed using the bootstrap
resampling method with 1,000 repetitions. The discrimination ability of the model was assessed by calculating the
concordance index (C-index), and a calibration curve was plotted to compare the agreement between predicted and
observed values, thereby validating the predictive accuracy of the model. Dynamic changes in PCT and CRP levels at
different time points were compared, and the correlation between these dynamic changes and treatment efficacy was
analyzed.
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Statistical Processing

Data analysis in this study was calculated using SPSS version 25.0. Categorical data were presented as [n (%)] and
analyzed using the chi-square test. The Shapiro—Wilk test was employed to assess whether the measurement data
adhered to a normal distribution. Data conforming to a normal distribution were presented as mean + standard
deviation (SD), and comparisons between two groups were conducted using an independent samples ¢-test. For intra-
group comparison, a paired sample ¢-test was utilized. In cases where the data did not conform to a normal distribution,
they were expressed as [M (P25, P75)] and a non-parametric test was applied. Statistical significance was determined
at a threshold of P < 0.05.

Overall Evaluation of Research Methodology

This study adopted a retrospective cohort design and strictly adhered to observational research reporting guide-
lines. The research framework is comprehensive, encompassing subject selection, well-defined inclusion and
exclusion criteria, standardized treatment protocols, detailed clinical and laboratory data collection procedures,
standardized testing methods and equipment specifications, a composite efficacy evaluation system, and a sound
statistical analysis strategy. All drug dosages, manufacturers, and instrument models were clearly specified to
enhance methodological reproducibility and transparency. We believe that this methodological design is capable of
addressing the research question in a clear and systematic manner, thereby providing a reliable foundation for
subsequent analyses.

Results

Condition of Treatment Effect

The study included a total of 168 patients with PTB, who were categorized into groups based on the early treatment
response. Of these, 136 patients (80.95%) were classified into the effective group, with a lesion absorption area of (68.25
+10.76)%. The remaining 32 patients (19.05%) were classified into the ineffective group, with a lesion absorption area of
(35.14+10.68)%.

Comparison of Clinical Data Among Different Groups

Comparison of the clinical data between the two groups revealed that the proportion of “>3 lung fields involved” was
significantly higher in the ineffective group than in the effective group (y° = 12.089, P = 0.001). The proportion of
patients with cavitary lesions was significantly higher in the ineffective group than in the effective group (y°= 11.366, P =
0.001). PCT was significantly higher in the ineffective group than in the effective group (Z = -7.614, P < 0.001). CRP
was significantly higher in the ineffective group than in the effective group (Z = -8.747, P < 0.001). IL-6 was
significantly higher in the ineffective group than in the effective group (t = 8.339, P < 0.001, Table 1).

Independent Variable Assignment Table

In this study, the early treatment outcome in PTB patients is designated as the dependent variable (Y), while the number
of lung fields involved (X1), pulmonary cavitary lesions (X2), PCT (X3), CRP (X4), and IL-6 (X5) are considered
independent variables (Table 2).

Collinearity Analysis

Collinearity analysis of these differential indicators, identified through univariate analysis, demonstrated no collinearity
among the variables (Variance Inflation Factor [VIF] < 10, tolerance > 0.1). This suggests that these indicators are
suitable for inclusion in the logistic regression model analysis (Table 3).

Multifactorial Analysis of Factors Affecting the Early Treatment Effect in PTB Patients
Following the application of logistic regression analysis, the odds ratios (OR) for variables exhibiting differences,
namely, the number of lung fields involved, pulmonary cavitary lesions, and levels of PCT, CRP, and IL-6 were
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Table | Comparison of Clinical Data of Each Group (n=168)

Clinical Data n Effective Group (n=136) | Ineffective Group (n=32) | ¥*/ZIt P

General data

Gender Male 102 82 20 0.053 0.818

Female 66 54 12

Age [M (Pys, P75)] 168 58.00(56.00,61.00) 58.00(56.00,61.00) —0.269 | 0.788

BMI (kg/m?) 168 23.04+0.68 23.08x0.71 0.297 0.767

Place of residence City 121 96 25 0.730 0.393
Countryside | 47 40 7

Smoking history Being 17 94 23 0.093 0.760
Non-being 51 42 9

Drinking history Being 75 6l 14 0.013 0910
Non-being 93 75 18

Disease characteristics

APACHE Il [score, M (P,s, P75)] 168 16.58+3.43 17.25%3.36 0.998 0.320

Clinical symptoms <4 kinds 98 77 21 0.865 0.352
24 kinds 70 59 I

Comorbidities with underlying diseases Being 78 65 13 0.535 0.464
Non-being 90 71 19

Combined extrapulmonary diseases Being 73 58 15 0.189 0.664
Non-being 95 78 17

Number of lung fields involved <3 103 92 I 12.089 | 0.001
>3 65 44 21

Pulmonary Cavitary lesions Being 71 49 22 11.366 | 0.001
Non-being 97 87 10

Serum index

PCT [ng/mL, M (Pys, Pss)] 168 2.60(2.20,3.30) 4.20(3.60,5.00) ~7.614 | <0.001
CRP [mg/L, M (Ps, Pss)] 168 8.00(7.40,9.20) 11.70(11.20,13.10) -8.747 | <0.001
IL-6 (pg/mL) 168 457 £1.36 6.82 +1.43 8339 | <0.00!
TNF-o (ng/L) 168 19.37 +5. 94 20.64 +6. 23 1.078 | 0.283

Table 2 Independent Variable Assignment Table

Variable Factor Assignment Method
Y The early treatment effect in PTB patients | O=effective; |=ineffective
Xl Pulmonary cavitary lesions 0=non-being; |=being
X2 The number of lung fields involved 0=<3; 1=23

X3 PCT Measured value

X4 CRP Measured value

X5 IL-6 Measured value

determined to be 3.992, 3.906, 17.380, 15.296, and 3.470 respectively. These findings suggest that these variables are
independent factors influencing the early treatment outcomes in PTB patients. It is recommended that these factors be
incorporated into models designed to predict treatment efficacy in PTB patients (Table 4).
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Table 3 Collinearity Analysis

Item VIF value | Tolerance
Number of lung fields involved 7.279 0.137
Pulmonary Cavitary lesions 7.281 0.137
PCT 1.434 0.697
CRP 1.669 0.599
IL-6 1.345 0.744

Table 4 Multifactorial Analysis of Factors Affecting the Early Treatment Effect in PTB Patients

Factor B value SE Waldx? | P value | OR value | OR value 95% CI
Pulmonary Cavitary lesions 1.384 0.415 11.132 0.001 3.992 1.770 ~ 9.001
Number of lung fields involved 1.363 0.421 10.468 0.001 3.906 1.711 ~ 8917
PCT 2.855 0.533 | 28732 0.000 17.380 6.118 ~ 49.371
CRP 2.728 0614 19.745 0.000 15.296 4.593 ~ 50.943
IL-6 1.244 0.230 | 29.271 0.000 3.470 2211 ~ 5.446

Nomograms and Calibration Curves for Predicting the Treatment Effect in PTB

Patients

Based on the above results, a nomogram and a calibration curve were plotted. The nomogram model was internally validated

using the Bootstrap resampling method (with 1,000 repetitions). The results showed that the model’s concordance index
(C-index) was 0.896 (95% CI: 0.842-0.950), indicating a good ability to distinguish between effective and ineffective
treatment in PTB patients. The Hosmer-Lemeshow goodness-of-fit test was further used to assess the model’s calibration.

The results suggested no statistically significant difference between the predicted probabilities and the actual probabilities of

treatment ineffectiveness, demonstrating good calibration of the nomogram model. The predicted risks were highly
consistent with the actual clinical outcomes, further confirming the reliable predictive performance of the nomogram

(Figures 1 and 2).

. 0 10 20 30 40 50 60 70 80 90 100
Points
Number of lung fields involved .,
1 1
Pulmonary Cavitary lesions . )
0
PCT
0.5 1 1.5 2 25 3 35 4 45 5 5.5
CRP
5 6 7 8 9 10 1 12 13
IL-6 e
10 1
Total points
0 20 40 60 80 100 120 140 160 180
Risk of Y v .
0.2 0.99
Figure | Nomogram for predicting the treatment effect in PTB patients.
Abbreviations: PCT, Procalcitonin; CRP, C-reactive protein; IL-6, Interleukin-6.
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Figure 2 Calibration curve for predicting the treatment effect in PTB patients.

ROC Analysis of Various Factors Predicting the Treatment Effect on PTB Patients
The AUC values for the number of lung fields involved, pulmonary cavitary lesions, and levels of PCT, CRP, and IL-6
were 0.666, 0.664, 0.934, 0.986, and 0.878, respectively, indicating their substantial utility in forecasting treatment
outcomes in PTB patients (Table 5, Figure 3).

The Dynamic Changes in PCT and CRP Levels

On days 1, 5 and 7 after treatment, both PCT and CRP levels in the effective group were significantly lower than those in
the ineffective group (all P < 0.001). Moreover, the extent of intergroup differences showed a pattern characterized by an
“early peak followed by gradual attenuation”: the difference in PCT and CRP levels between the two groups reached its
maximum on day 1 after treatment. Although statistically significant differences persisted on days 5 and 7, the magnitude
of these differences decreased compared to that on day 1. The dynamic change trend suggests that inflammatory markers
in the effective group declined rapidly during the early phase of treatment, whereas levels in the ineffective group
remained elevated but did not show a continuous increase (Figure 4).

The Correlation Between the Dynamic Changes in PCT and CRP Levels and the

Absorption Area of Lesions in PTB Patients

A Pearson correlation model was conducted to examine the relationship between the dynamic changes of serum PCT and
CRP levels in PTB patients and the area of lesion absorption. The findings indicate that the dynamic changes in serum
PCT levels in both the ineffective and effective groups are negatively associated with the lesion absorption area (r =

Table 5 ROC Analysis of Various Factors Predicting the Treatment Effect in PTB Patients

Factor AUC | Youden Index | Sensitivity | Specificity | Accuracy 95% CI

Number of lung fields involved | 0.666 0.333 0.656 0.676 0.680 0.598~0.748
Pulmonary cavitary lesions 0.664 0.327 0.688 0.640 0.647 0.568~0.744
PCT 0.934 0.744 0.906 0.838 0.815 0.887~0.966
CRP 0.986 0.908 0.938 0.971 0.964 0.966~0.999
IL-6 0.878 0.583 0.781 0.801 0.810 0.814~0.929

8 https: Infection and Drug Resistance 2026:19



Kong et al

1.0
0.8
06 = Numberoflungfieldsinvolved(AUC = 0.666 95%CI (0.562-0.752))
2> ' —— Cavitarylesionsinthelungs(AUC = 0.664 95%ClI (0.581-0.749))
z —— PCT(AUC = 0.934 95%CI (0.885-0.966))
§z CRP(AUC = 0.986 95%CI (0.966-0.999))
A = IL6(AUC = 0.878 95%CI (0.819-0.932))
0.4 baseline
0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
Figure 3 ROC analysis of various factors predicting the treatment effect in PTB patients.
Abbreviations: PCT, Procalcitonin; CRP, C-reactive protein; IL-6, Interleukin-6.
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Figure 4 Comparison of dynamic changes in PCT and CRP levels at different time points. (A) is the changes in CRP levels; (B) is the changes in PCT levels). ns: not shown
(baseline differences reported in Table 1); ***P<0.001 for post-treatment comparisons between groups.
Abbreviations: PCT, Procalcitonin; CRP, C-reactive protein.

—0.49, —0.65, —0.31, —0.52, —0.63, —0.43, —0.64, —0.59, P < 0.05). Similarly, the dynamic changes in serum CRP levels in
these groups are also negatively associated with the lesion absorption area (r =—0.70, —0.66, —0.52, —0.75, —0.67, —0.74,
—0.49, —0.62, P < 0.05, Figures 5 and 6).

Discussion

PTB lesions are located in the lungs, where damage caused by Mycobacterium tuberculosis, leads to significant
impairment of the respiratory system and pulmonary function, subsequently resulting in pathological changes in lung
tissue structure.'® If patients do not receive timely intervention, progression of the disease can lead to complications such
as pulmonary, posing a serious threat to the patient’s life.'> Clinical study has shown that early diagnosis and treatment
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Figure 6 Correlation between dynamic changes in CRP level and lesion absorption area (A) is the correlation diagram between dynamic changes in CRP in the ineffective
group and lesion absorption area; (B) is the correlation diagram between dynamic changes in CRP in the effective group and lesion absorption area).
Abbreviation: CRP, C-reactive protein.

contribute to rapid control of bacterial replication and transmission, effectively reduce the risk of drug resistance, and
improve the rates of sputum culture conversion and lesion reduction.'® Despite the clinical validation of early treatment
efficacy, some patients still exhibit suboptimal response to initial therapy. This study included 168 PTB patients, of whom
136 (80.95%) were categorized into the responsive group, and 32 (19.05%) into the invalid group. These findings are
consistent with previous clinical research. Therefore, when formulating an early treatment plan, it is essential to
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comprehensively consider influencing factors, monitor the treatment process, evaluate the early treatment response, and
assist clinicians in promptly adjusting therapeutic strategies to improve treatment success rates and patient prognosis.

This study, through collinearity and logistic regression model analysis, identified the number of lung fields involved,
pulmonary cavitary lesions and levels of PCT, CRP, and IL-6 as significant factors associated with suboptimal early
treatment responses in PTB patients. A retrospective study'’ further revealed that among elderly patients with pneumo-
nia, the proportions of multiple underlying diseases, hypoproteinemia, and involvement of multiple lung lobes were
significantly higher in the ineffective group. This suggests that the number of lung fields involved is greater in the
ineffective group. The item “lung field” refers to the area of the lung, and a greater number of lung fields involved in
patients with PTB indicates a more extensive range of lung lesions. Due to the extensive range of Mycobacterium
tuberculosis infections, pharmacological interventions must exhibit both bactericidal and bacteriostatic effects across
a broad area. However, the distribution of these drugs may not be uniform within extensive lesion areas, potentially
resulting in the incomplete clearance of some bacterial populations. Furthermore, the involvement of larger lung fields
indicates significant impairment of pulmonary function, thereby diminishing the patient’s respiratory capacity and
disrupting physiological processes such as oxygen exchange, which adversely affects the efficacy of early
treatment.'®'? Pulmonary cavities represent a particularly severe form of pathological alteration in PTB. The structural
characteristics of the cavity wall and the pathological changes in the surrounding tissues may influence the distribution
and penetration of anti-tuberculosis medications within the lesion. Drugs have difficulty fully reaching the interior of the
cavity, making it impossible to effectively kill the tubercle bacilli inside the cavity and affecting the effectiveness of
treatment. Pulmonary cavitary lesions can also trigger stronger and more complex immune responses. Excessive
inflammatory responses may lead to tissue damage, which is not conducive to the repair and healing of lesions and
thus delays the improvement of the condition in the early stage of treatment.”’ The dynamic changes of PCT and CRP in
tuberculous inflammatory responses carry distinct biological significance, which also forms the core of their predictive
value. As a pro-hormone without hormonal activity, PCT maintains very low serum levels under normal physiological
conditions, yet its synthesis increases rapidly and correlates with the severity of infection in systemic inflammation
induced by bacterial infections. Although Mycobacterium tuberculosis is not a typical bacterium, the necrosis and
liquefaction processes of pulmonary lesions in PTB patients may be accompanied by localized bacterial-like inflamma-
tory reactions or secondary bacterial infections, leading to elevated PCT levels. CRP, as an acute-phase protein
synthesized by the liver, rises rapidly and is highly sensitive to inflammation, allowing it to increase promptly following
immune activation triggered by tuberculosis infection. Unlike PCT, CRP lacks bacterial specificity but can reflect the
overall improvement of inflammatory status during PTB treatment. IL-6, as a key pro-inflammatory cytokine in the
immune responses, plays a dual role in the pathological progression of PTB. IL-6 activates T and B lymphocytes,
promotes antibody and inflammatory cytokine secretion, and participates in the host defense against Mycobacterium
tuberculosis. However, if the infection is not effectively controlled, persistently activated inflammatory responses can
lead to sustained high expression of IL-6. This induces excessive infiltration of inflammatory cells into lung tissue,
exacerbates parenchymal damage, impairs lesion repair, and adversely affects early clinical treatment outcomes in PTB
patients.?!>

The construction of the nomogram and calibration curve in this study revealed that the number of lung fields
involved, pulmonary cavitary lesions, and the levels of PCT, CRP, and IL-6 have predictive significance for the treatment
outcome in PTB patients, although the predictive efficacy of each indicator varies. The ROC analysis showed that the
AUC values for the number of lung fields involved and pulmonary cavitary lesions were 0.666 and 0.664, respectively,
indicating moderate predictive value. In contrast, the AUC values for PCT (AUC=0.934), CRP (AUC=0.986), and IL-6
(AUC=0.878) were all greater than 0.8. Among these, PCT and CRP demonstrated significantly higher sensitivity (0.906
and 0.938, respectively) and specificity (0.838 and 0.971, respectively), showcasing strong predictive performance.
Furthermore, the dynamic changes in PCT and CRP levels were associated with the treatment efficacy in PTB patients.
The nomogram, as a visualized tool for predicting and evaluating the risk of clinical events, is widely applied in medical
research. By utilizing a nomogram to evaluate the risk of early treatment outcomes in PTB patients, multiple independent
risk factors can be integrated into a graphical model, helping clinicians and researchers better understand the patient’s
treatment status.”> The ROC curve is a graphical tool for evaluating the performance of classification models. It
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illustrates the predictive performance of each indicator in assessing early treatment outcomes in PTB patients, with the
AUC value calculated to assess the accuracy of the predictive model. The results showed that PCT and CRP have higher
predictive value.”* As inflammatory markers, the roles of PCT and CRP in assessing early responses to PTB have gained
increasing attention. Previous study®> has suggested that persistently elevated CRP levels without a significant decrease
in PCT levels may indicate uncontrolled infection or secondary bacterial infection. PCT has high specificity for bacterial
infections, particularly in severe bacterial infections and sepsis, where its level rises significantly. In contrast, CRP is
more sensitive to inflammatory responses, increasing not only in bacterial infections but also in non-bacterial infectious
inflammatory conditions such as viral infections and autoimmune diseases, although the degree of elevation is typically
less pronounced than in bacterial infections. In PTB patients, although Mycobacterium tuberculosis is not a typical
bacterial infectious pathogen, PCT and CRP levels may still change during disease progression due to the activation of
the host immune response and potential secondary bacterial infections.*®

Research has found®’ that during the early stages of PTB treatment, PCT and CRP levels exhibit different dynamic
trends, which are closely related to the treatment response. In patients who respond effectively to treatment, as anti-
tuberculosis therapy progresses, the inflammatory reaction gradually comes under control. CRP levels typically begin to
decline within the first week of treatment, reflecting an overall improvement in the inflammatory state. This reduction
occurs as anti-tuberculosis drugs inhibit the growth and reproduction of Mycobacterium tuberculosis, decreasing bacteria
stimulation of the immune system and thereby reducing CRP synthesis in the liver.”® Meanwhile, PCT levels usually
remain relatively low in the early stages of PTB treatment. A sudden increase in PTB during treatment may indicate co-
infection with other bacteria, serving as an important early warning sign for timely clinical detection and management of
complications.”” If PCT and CRP levels remain persistently elevated or fail to decline significantly during early
treatment, it may suggest the need to reassess the treatment regimen and adjust therapeutic strategies to improve clinical
outcomes. Therefore, the dynamic changes of PCT and CRP hold important predictive value in evaluating early treatment
responses in PTB patients. They provide timely and effective information to clinicians, aiding in the formulation of
precise treatment decisions, optimizing treatment processes, and improving the success rate of PTB treatment as well as
patients’ quality of life.**!

The innovation of this study lies in clarifying the predictive value of dynamic monitoring of PCT and CRP through
a large-sample retrospective analysis, addressing the research gap in early assessment time windows; constructing
a nomogram model that incorporates PCT, CRP, and lesion characteristics, with calibration curves demonstrating good
predictive consistency, providing a visual assessment tool for clinical practice; and confirming the quantitative associa-
tion between dynamic changes in PCT and CRP and lesion absorption area, offering objective, quantifiable evidence for
evaluating treatment efficacy. Although this study has achieved certain results, it still has some limitations. This
retrospective cohort design inherently carries unmeasured confounding factors, which may influence the accuracy of
the predictive model and the interpretation of the relationship between biomarkers and treatment outcomes. Additionally,
the study sample only included patients from a specific medical institution, which may not fully represent broader
population characteristics, thereby affecting the generalizability and external validity of the findings. Furthermore, PCT
and CRP levels may be influenced by other factors, and these should be considered when interpreting the results. The
value of frequent and long-term dynamic monitoring also requires further exploration. Future clinical studies should
involve larger-scale, multicenter research to explore the roles of PCT and CRP in the pathogenesis of PTB and their
interactions with the immune system. Combining these biomarkers with other cytokines, chemokines, and novel
biomarkers may help establish a more comprehensive and accurate evaluation system for PTB treatment efficacy.

Conclusion

In summary, the number of lung fields involved, the presence of pulmonary cavitary lesions, and the levels of PCT, CRP,
and IL-6 are significantly associated with early treatment outcomes in PTB patients, all serving as important indicators
for predicting early treatment responses. Among these, the dynamic changes in PCT and CRP demonstrate high
predictive value, providing timely and objective reflections of treatment response. They offer a reliable reference for
clinical evaluation of treatment efficacy and optimization of therapeutic strategies.
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