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Purpose: Assessing the systemic inflammatory markers as a prognostic factor for resistance to methotrexate in ectopic pregnancy.
Methods: This retrospective cohort study included 412 cases of patients with tubal ectopic pregnancy who received single-dose 
methotrexate (MTX) therapy at the Obstetrics and Gynecology Hospital affiliated with Tongji University from January 2019 to 
January 2024. Participants were categorized into successful and unsuccessful cohorts according to single-dose methotrexate treatment. 
Systemic inflammatory parameters, particularly lymphocyte counts, NLR, and β-hCG, were collected for each case from blood tests. 
Regression analyses were employed to pinpoint independent risk factors linked to treatment failure. A nomogram was developed to 
represent these relationships. The model’s ability to distinguish outcomes was assessed by the area under the curve (AUC).
Results: The research sample included 302 successful individuals and 110 unsuccessful ones. Compared with baseline, NLR 
decreased by less than 40.3% on Day 4 (95% [CI] 1.26–3.12), while β-hCG levels rose on Day 4 (95% CI: 1.14–2.80). HCG levels 
>342.25 mIU/mL on day 0 (95% CI 1.74–4.40) and lymphocyte counts >2.165 × 109/L on day 4 (95% CI 1.39–3.42) were also 
predictive factors for treatment failure. ROC curve area was 0.705 (95% CI: 0.650–0.760), with a Hosmer–Lemeshow test P-value 
above 0.05 (P = 0.607).
Conclusion: Among systemic inflammatory markers, NLR and lymphocyte levels significantly correlate with treatment failure. 
Incorporating them with β-hCG into the model enhances risk predictive capability.
Keywords: systemic inflammatory markers, neutrophil-to-lymphocyte ratio, clinical predictive modeling, ectopic pregnancy, 
methotrexate

Introduction
Ectopic pregnancy involves a fertilized egg implanting outside the uterus, with tubal pregnancy being the most common 
type.1 It occurs in 2% to 3% of early pregnancies.2 The management is mainly divided into three categories: expectant 
management, drug therapy, and surgical treatment. Methotrexate (MTX) is a chemotherapeutic antimetabolite highly 
sensitive to trophoblastic cells. Reports indicate that MTX therapy achieves success in approximately 70–90% of cases.3 

Stovall et al introduced the single-dose MTX protocol (calculated at 50 mg/m2 body surface area) in 1991. This 
procedure has been widely adopted and continued to this day due to its simplicity and safety. However, treatment failure 
can lead to rupture of ectopic masses, posing life-threatening risks such as hemorrhage and hemodynamic instability.4 

Additionally, due to the prolonged duration of MTX therapy, initial results typically require one week to assess, which 
can cause patient anxiety, exacerbate the condition, and even lead to doctor-patient conflicts. Therefore, in clinical 
practice, determining whether single-dose methotrexate therapy is more likely to succeed or fail for a patient remains 
a challenge.
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Existing predictive models primarily rely on other biomarkers such as β-hCG and progesterone, the size masses, and 
cardiac activity in ectopic pregnancies.5–7 Additionally, several machine learning algorithms and ultrasound radiomics 
models incorporating ectopic pregnancy-related medical history and complex imaging parameters have been successively 
developed.8–12 However, regrettably, systemic inflammatory markers, closely linked to trophoblast proliferation and 
pathological inflammation, have not been widely incorporated into these models. Recently, NLR, an immune- 
inflammatory marker derived from peripheral blood, has garnered significant attention. It is associated with various 
diseases and has demonstrated certain efficacy in predicting the progression and severity of benign and malignant 
gynecological diseases.13–16 MTX exerts its therapeutic effect by inhibiting trophoblast proliferation through blocking 
folic acid metabolism, thereby modulating the systemic inflammatory microenvironment. Neutrophils and lymphocytes 
respond differently to the efficacy of MTX. Specifically, effective MTX treatment induces trophoblast apoptosis, 
alleviates pathological inflammation, thereby leading to changes in NLR. Notably, Days 0 and 4 correspond to the 
early critical window of MTX treatment.

As ectopic pregnancy rates have risen sharply, early stratification and prediction of high-risk ectopic pregnancy 
patients are significant. However, current studies mostly focus on the baseline levels of NLR, and data regarding the 
dynamic changes of inflammatory markers are limited. Therefore, this investigation aims to explore the prognostic 
significance of early NLR changes for ectopic pregnancy patient outcomes following single-dose MTX therapy.

Materials and Methods
Ethical Approval
We analyzed Obstetrics and Gynecology Hospital ectopic pregnancy cases from January 2019 through January 2024. 
Ethical approval (KS24275) was secured from the Tongji University School of Medicine’s affiliated Obstetrics and 
Gynecology Hospital for this research. Then patient demographic and clinical data were obtained from the Medical 
Record System. Conducted under Helsinki Declaration, this retrospective study waived patient consent requirements.

Study Design
This study was designed and conducted in accordance with the RECORD guidelines. Exclusion criteria included embryonic 
cardiac activity on ultrasound and the selection of patients who received expectant treatment or initial surgical 
treatment. Furthermore, to prevent potential pharmacological interactions, patients with rheumatic or inflammatory 
conditions were also omitted from consideration. In contrast, the selection criteria involved the following: (1) confirmed 
ectopic pregnancy through clinical diagnosis; (2) administration of single-dose methotrexate treatment regimen; (3) access 
to comprehensive medical records. Diagnosis of ectopic pregnancy was determined by an initial physical examination, 
laboratory (especially serum β-hCG levels), and sonographic evaluation. The doctor confirmed an ectopic pregnancy when 
transvaginal imaging located a gestational sac outside the uterine cavity, coupled with suboptimal β-hCG growth that failed 
to hit the 66% mark within 48 hours, or the absence of embryonic tissue following uterine evacuation procedures.7 After all 
these criteria were applied, 412 patients were enrolled in the research (Figure 1). After assessment of vital signs and 
symptoms, a standard 50 mg/m2 dose of methotrexate was injected into hemodynamically stable patients with ectopic 
pregnancies who were potentially at risk and closely monitored, according to the methodology for EP cases.

Data Collection
We defined the day of MTX administration as day 0. Blood samples were collected on days 0, 4, and 7, stored in 
ethylenediaminetetraacetic acid (EDTA) tubes, and subsequently subjected to β-hCG and blood count tests. The variation 
in β-hCG levels between days 0 and 4 (β-hCG, days 0–4) was calculated using the formula (hCG4–hCG0)/hCG0. NLR, 
days 0–4 and PLR, days 0–4 were calculated using the same algorithm. Negative values were interpreted to indicate 
a decrease in βhCG levels, whereas positive values indicated an increase. Therapeutic success involved resolving tubal 
pregnancy (βhCG < 10IU/L) after just one MTX administration without the need for additional treatment. Treatment 
failure was determined if additional MTX or surgical intervention was required.
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Statistical Analysis
Data were presented for nominal variables such as rates and proportions (%), while the χ2-test and Fisher’s Exact test 
were employed for group comparisons. For normally distributed continuous data, means plus or minus standard 
deviations (SD) were reported, with the Mann–Whitney U-test used for comparing groups. In contrast, non-normally 
distributed variables were shown with medians and interquartile ranges (IQR), with the Wilcoxon rank-sum test serving 
as the method for group comparisons. Binary logistic regression analysis was used to screen the independent risk factors 
for failure of single-dose methotrexate treatment of ectopic pregnancy. Binary logistic regression identified independent 
risk markers for treatment failure, with significant variables incorporated into a nomogram. ROC was used to assess 
model differentiation, calibration curves, and the Hosmer–Lemeshow (HL) test reflected model calibration, and decision 
curves were used to analyze clinical utility. Analysis executed with R 4.3.3 and Zstats 1.0. P < 0.05 (two-tailed) was 
deemed statistically significant.

Results
All 412 (100%) eligible cases were included, of whom 302 (73.3%) were efficiently treated, and 110 (26.7%) patients did 
not respond to the treatment. Table 1 presents the baseline qualities. There were no statistically significant distinctions in 
terms of age, BMI, gravidity, gestational age, current ART pregnancy, previous live births, prior ectopic pregnancy, or 
previous pelvic surgery (P = 0.626, P = 0.115, P = 0.800, P = 0.187, P = 0.271, P = 0.529 and P = 0.676, respectively) 
between the cohorts. However, the anexal mass diameter was significantly larger in failure group. Furthermore, Day 
0 hCG, Day 4 hCG and Day 4 Lymphocytes were considerably higher in the failure group (P < 0.001, P < 0.001, and P = 
0.008, respectively). There was no difference in Day 0 NLR, Day 0 PLR, Day 4 NLR and Day 4 PLR (P = 0.443, P = 
0.729, P = 0.100, and P = 0.126, respectively). Considerable variation in β-hCG (days 0–4), NLR (days 0–4), PLR (days 
0–4) were observed (P = 0.020, P = 0.031 and P = 0.037, respectively) (Table 2). To assess the predictive performance of 
the indicators in predicting treatment outcomes, ROC analysis was performed (Table 3). The discriminatory power of 
Day 0 hCG, Day 4 hCG, Day 4 Lymphocytes, β-hCG, days 0–4, NLR, days 0–4, PLR, days 0–4, and Diameter of 
adnexal mass parameters to predict methotrexate success, according to the ROC curve analysis and AUC values, and the 
cut-points are demonstrated in Table 3. These parameters were categorized into two groups according to the cutoff 

Figure 1 Flowchart illustrating patient selection protocol. 
Abbreviations: MTX, Methotrexate; NLR, Neutrophil-to-Lymphocyte Ratio.
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values. One-way regression analysis showed that Day 0 hCG > 342.25mIU/mL (odds ratio [OR] 2.77, 95% CI [1.74
–4.40]), Day 4 hCG > 304.8mIU/mL ([OR] 2.81, 95% CI [1.73–4.57]), Day 4 Lymphocytes > 2.165× 109/L ([OR] 2.18, 
95% CI [1.39–3.42]), β-hCG, days 0–4 increased by more than 35.7% ([OR] 1.79, 95% CI [1.14–2.80]), NLR, days 0–4 
declined by less than 40.3% ([OR] 1.99, 95% CI [1.26–3.12]), and PLR, days 0–4 decreased by less than 23% ([OR] 
0.51, 95% CI [0.32–0.82]) were connected with treatment failure (Table 4). The results of multivariate regression 
indicated that a reduction in NLR was less than 40.3% by day 4 compared to baseline (odds ratio [OR] 1.99, 95% 
confidence interval [CI] 1.26–3.12), elevated hCG on day 4 relative to day 0 (OR 1.79, 95% CI 1.14–2.80), initial hCG 
concentrations above 342.25 mIU/mL at day 0 (OR 2.77, 95% CI 1.74–4.40), and lymphocyte counts greater than 2.165 
× 109/L on day 4 (OR 2.18, 95% CI 1.39–3.42) significantly correlated with treatment failure (Table 5).

Table 1 Baseline Characteristics of Participants (N = 412)

Failure  
(n=110)

Success  
(n=302)

P

Age [Years, M(P25,P75)] 31.00 (28.00, 33.00) 31.00 (28.00, 34.00) 0.626

BMI [kg/m2, M(P25,P75)] 21.00 (19.90, 24. 14) 21.37 (19.62, 23.50) 0.115

Diameter of adnexal mass [mm, M(P25,P75)] 17.00 (12.00, 24.00) 13.50 (11.00, 20.75) 0.004
Gestational age [Day, M(P25,P75)] 44.00 (39.25, 50.00) 44.00 (39.00, 52.00) 0.800

Current ART pregnancy [n, (%)] 0.187

No 107 (97.27%) 284 (94.04%)
Yes 3 (2.73%) 18 (5.96%)

Previous live births [n, (%)] 0.271
0 80 (72.73%) 209 (69.21%)

1 22 (20.00%) 63 (20.86%)

≥2 8 (7.27%) 30 (9.93%)
Prior ectopic pregnancy [n, (%)] 0.529

No 100 (90.91%) 268 (88.74%)

Yes 10 (9.09%) 34 (11.26%)
Previous pelvic surgery [n, (%)] 0.676

No 87 (79.09%) 233 (77. 15%)

Yes 23 (20.91%) 69 (22.85%)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); ART, 
assisted reproductive technology.

Table 2 Comparison of Hemogram Parameters, Hemogram-Derived Ratios, and β-hCG Level of 
Patients at Admission and Follow-Up Between Groups. (N = 412)

Failure  
(n=110)

Success  
(n=302)

P

Day 0 hCG [mIU/mL, M(P25,P75)] 569.90 (263.77, 879.50) 294.30 (154.30, 618.00) <0.001

Day 0 NLR [M(P25,P75)] 2.46 (1.78, 3.44) 2.26 (1.70, 3.18) 0.443

Day 0 PLR [M(P25,P75)] 138.21 (104.93, 163.72) 134.13 (105.98, 167.83) 0.729
Day 4 hCG [mIU/mL, M(P25,P75)] 551.50 (286.85, 1265. 17) 314.80 (116.20, 696. 15) <0.001

Day 4 Lymphocytes [109/L, M(P25,P75)] 2.08 (1.67, 2.42) 1.88 (1.55, 2.25) 0.008

Day 4 NLR [M(P25,P75)] 1.60 (1.33, 2.06) 1.80 (1.30, 2.38) 0.100
Day4 PLR [M(P25,P75)] 115.95 (95.02, 142.91) 123.60 (100.13, 150.67) 0.126

*βhCG, days 0–4 [%, M(P25,P75)] 0. 12 (−0.13, 0.67) 0.05 (−0.31, 0.44) 0.020

*NLR, days 0–4 [%, M(P25,P75)] −0.32 (−0.50, 0.00) −0.22 (−0.43, 0.02) 0.031
*PLR, days 0–4 [%, M(P25,P75)] −0. 14 (−0.28, 0.08) −0.07 (−0.23, 0. 11) 0.037

Notes: *βhCG, days 0–4 refers to the change in βhCG levels from Day 0 to Day 4, calculated by the formula: (hCG4 – hCG0)/ 
hCG0; *NLR, days 0–4 refers to the change in NLR levels from Day 0 to Day 4, calculated by the formula: (NLR4 – NLR0)/ 
NLR0; *PLR, days 0–4 refers to the change in NLR levels from Day 0 to Day 4, calculated by the formula: (PLR4 – PLR0)/PLR0. 
Abbreviations: βhCG, β-human chorionic gonadotropin; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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Table 3 Diagnostic Performance of Indicators in Predicting Single-Dose Methotrexate Treatment Failure

AUC (95% CI) Accuracy Sensitivity Specificity PPV NPV Cut-off value

Day 0 βhCG 0.640 (0.580, 0.700) 0.410 0.309 0447 0.169 0.640 342.250
Day 4 βhCG 0.643 (0.583, 0.702) 0.442 0.255 0.510 0.159 0.653 304.800

Day 4 Lym 0.586 (0.523, 0.649) 0.354 0.527 0.291 0.213 0.629 2.165

βhCG, days 0–4 0.575 (0.513, 0.638) 0.369 0.573 0.295 0.228 0.654 0.357
NLR, days 0–4 0.570 (0.506, 0.633) 0.641 0.445 0.712 0.360 0.779 −0.403

PLR, days 0–4 0.567 (0.503, 0.631) 0.655 0.391 0.752 0.364 0.772 −0.230

Abbreviations: βhCG, β-human chorionic gonadotropin; NLR, neutrophil-to-lymphocyte ratio; Lym, lymphocytes; PLR, platelet-to- 
lymphocyte ratio; AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value.

Table 4 Univariate Analysis to Explore the Role of 
Different Factors in Predicting the Efficacy of Single- 
Dose Methotrexate Administration

P OR (95% CI)

Day 0 hCG

≤342.25mIU/mL 1.00 (Reference)

>342.25mIU/mL <0.001 2.77 (1.74–4.40)
Day 4 hCG

≤304.8mIU/mL 1.00 (Reference)

>304.8mIU/mL <0.001 2.81 (1.73–4.57)
Day 4 Lymphocytes

≤2.165× 109/L 1.00 (Reference)

>2.165× 109/L <0.001 2. 18 (1.39–3.42)
βhCG, days 0–4

≤0.357 1.00 (Reference)

>0.357 0.012 1.79 (1. 14–2.80)
NLR, days 0–4

≤−0.403 1.00 (Reference)

>−0.403 0.003 1.99 (1.26–3. 12)
PLR, days 0–4

≤−0.230 1.00 (Reference)

>−0.230 0.005 0.51 (0.32–0.82)
Diameter of adnexal mass 0.011 0.96 (0.94– ~ 0.99)

Table 5 Multivariate Analyses for Different Factors in 
Predicting Outcome of Single-Dose Methotrexate 
Administration

β P OR (95% CI)

Day 0 hCG

≤342.25mIU/mL 1.00 (Reference)
>342.25mIU/mL 0.96 <0.001 2.62 (1.63–4.23)

Day 4 Lymphocytes
≤2. 165×109/L 1.00 (Reference)

>2.165×109/L 0.73 0.003 2.07 (1.29–3.33)

βhCG, days 0–4
≤0.357 1.00 (Reference)

>0.357 0.59 0.016 1.80 (1. 12–2.90)

NLR, days 0–4
≤−0.403 1.00 (Reference)

>−0.403 0.60 0.014 1.83 (1.13–2.94)
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Utilizing Day 0 hCG, Day 4 lymphocyte, β-hCG, days 0–4, NLR, days 0–4, to develop a predictive model. Scores were 
allocated to this model based on its variables, with their summation yielding the total (Figure 2). The ROC curve’s area is 0.705 
(CI 95%: 0.650–0.760), with a sensitivity of 0.727 (CI 95%: 0.644–0.810) and a specificity of 0.619 (CI 95%: 0.564–0.674) 
(Figure 3). Figure S1 depicts the model’s calibration curve, with the HL-test indicating an appropriate fit (P = 0.607). The clinical 
decision curve, shown in Figure S2, shows some clinical benefit.

Discussion
Although the rate of single-dose MTX success in the treatment of asymptomatic EP is between 70% and 90%, considering that 
treatment failure may lead to life-threatening rupture of the ectopic mass and intra-abdominal hemorrhage, as well as 
provoking the patient’s anxiety and nervousness while waiting for the evaluation of the treatment effect. A recent meta- 
analysis has demonstrated the adverse long-term reproductive impacts of EP, including hypertensive disorders of pregnancy, 
placental abruption, subsequent ectopic pregnancy, and other related conditions.17 Therefore, we need to look for some other 

Figure 2 Predictive nomogram of treatment outcomes for single-dose methotrexate for ectopic pregnancy. Abbreviations: β-hCG, days 0–4: the changes in β-hCG levels 
from day 0 to day 4; NLR, days 0–4: the changes in NLR levels from day 0 to day 4.

Figure 3 Receiver operating characteristic (ROC) curve for the ability of the nomogram to predict treatment outcome. Area under the curve (AUC): 0.705 (95% CI: 
0.650–0.760).
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possible factors associated with treatment outcomes in the clinical setting. This study seeks to explore factors for treatment 
failure in cases with ectopic pregnancy receiving single-dose methotrexate and to build a model for predicting the failure risk. 
In an obstetrics and gynecology hospital in China, 412 single-dose methotrexate-treated ectopic pregnancies were retro
spectively analyzed by collecting physical examination data and laboratory results. We found that a reduction in NLR of less 
than 40.3% by day 4 versus baseline, an increase in β-hCG by day 4 versus day 0, Day 0 β-hCG > 342.25mIU/mL, as well as 
Day 4 Lymphocytes > 2.165×109/L, were linked to failure outcome.

Research on methotrexate efficacy for ectopic pregnancy therapy is currently in progress.
Studies have shown that the reaction of multiple inflammatory cells has been detected in the systemic circulation of 

patients with ectopic pregnancy (EP).18 Neutrophils are the most abundant leukocyte within peripheral blood, accounting 
for approximately 40–70% of the total count, and are primarily associated with the body’s inflammatory response. 
Lymphocytes, which possess innate immune functions, play a crucial role in anti-infective immunity. The neutrophil-to- 
lymphocyte ratio (NLR) reflects systemic immune-inflammatory status and effectively assesses the balance of systemic 
inflammatory and immune regulation.19 Relevant studies indicate that compared to patients with unruptured ectopic 
pregnancies, those with ruptured tubal pregnancies exhibit significantly higher NLR levels. Furthermore, elevated NLR 
levels correlate with a higher risk of tubal rupture. Kanmaz et al reported NLR as a therapeutic success indicator, finding 
that 161 MTX-treated cases showed lower NLR at days 0, 4, and 7 versus those undergoing surgery20 However, changes 
in NLR were less successful in predicting success than a 15% reduction in hCG levels from days 4 to 7. Akkaya et al21 

reported that in stable tubal ectopic pregnancies, patients treated with MTX exhibited significantly elevated RDW and 
MPV levels compared to those undergoing surgical intervention, while NLR levels were significantly reduced Sarıkaya 
et al compared to patients treated with MTX and those undergoing surgery, finding significantly elevated NLR and 
monocyte–lymphocyte ratio (MLR) in the surgical group Abuduxukuer et al22 found that a Day 4 NLR reduction under 
23% from Day 0 levels correlated with a significantly declined of success rate. Our findings suggest that a reduction of 
NLR below 40.3% by Day 4 versus Day 0 correlates with MTX monotherapy failure. In previously developed predictive 
models, the cutoff values for NLR change and HCG change were −23% and 15%, respectively. This study generally 
aligns with these findings, though differences may stem from variations in the study populations.

In our study, β-hCG levels were also incorporated into the final predictive model. However, there remains no 
agreement regarding the specific β-hCG threshold at which methotrexate (MTX) treatment efficacy begins to decline. 
The current clinical success criterion is a β-hCG decrease exceeding 15% between days 4 and 7. This study suggests that 
a 35.7% increase in serum β-hCG levels on day 4 compared to baseline predicts treatment failure, necessitating 
consideration of repeat MTX therapy or surgical intervention. A prospective cohort study demonstrated that a serum β- 
hCG increase of <18% or any decrease from baseline to day 4 enhanced the success rate of single-dose MTX therapy.23 

Soykan Sert et al found that the AUC for predicting the success of MTX treatment using serum β-hCG from baseline 
to day 4 was 0.832.24 Girija et al25 observed that a 10% HCG decline in HCG levels on day 4 predicted treatment 
success. Similarly, Wong et al26 observed that a 6% reduction on day 4 served as a treatment successful indicator. These 
findings collectively suggest that early changes in β-hCG levels may serve as an early predictor of treatment efficacy. 
This nomogram developed in this study demonstrates moderate predictive performance at day 4. Nevertheless, this study 
has certain limitations. Firstly, due to the nature of the retrospective study, our sample size was determined by the 
available clinical data; thus, the lack of formal sample size and power calculation constitutes one of the limitations of this 
study. Additionally, other limitations include the retrospective, single-center study design, potential residual confounding 
by unmeasured factors affecting inflammatory markers, and unavoidable selection bias. The nomogram developed in this 
study is hypothesis-generating with moderate discriminative performance and requires external validation as well as 
prospective, multicenter validation prior to routine clinical adoption. These metrics are derived from a complete blood 
count (CBC), offering an affordable and straightforward assessment without any extra costs. Currently, many hospitals 
only measure serum hCG levels. We recommend performing CBC tests simultaneously to assess NLR and lymphocyte 
levels. Inflammatory markers should be integrated as a complementary tool with classic predictive indicators such as 
adnexal mass size and β-hCG changes. Moreover, it is important to recognize that neutrophils and lymphocytes are non- 
specific markers, vulnerable to influence from various factors.
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