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Objective: To evaluate percentage changes in serum beta-human 
chorionic gonadotropin (β-hCG) values between days 0-1, 0-4 and 
0-7 as an indicator of methotrexate therapy success in extra-uterine 
pregnancies.  
Material and Methods: Women with ectopic pregnancy treated 
with single-dose methotrexate therapy between January 2011 and 
August 2012 were assessed. Recorded data were reviewed electroni-
cally from patient files. All women (n=93) with an ectopic pregnancy 
treated medically with intramuscular methotrexate (50 mg/m2) were 
included. The percentage changes in serum β-hCG levels from day 0 
to 1, day 0 to 4 and day 0 to 7 were calculated for each case.   
Results: The median β-hCG values decreased between days 0 and 
4 by 55.8%, and 89.6% of these cases were treatment successes. The 
median initial serum β-hCG values were lower in women with suc-
cessful treatment, but this was not statistically significant (p=0.11). 
Conclusion: A decline in serum β-hCG values between days 0 and 4 
appears to be the best predictor. It would be beneficial to determine 
whether a woman with an ectopic pregnancy treated with single-
dose methotrexate administration will be treated successfully. 
(J Turkish-German Gynecol Assoc 2013; 14: 125-9)
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Amaç: Ektopik gebeliklerin tedavisinde methotraksat tedavisinin 
başarısını belirlemede beta-human koryonik gonadotropin (β-hCG) 
değerlerinin 0-1, 0-4 ve 0-7 günleri arasında yüzde değişimlerini de-
ğerlendirmek. 
Gereç ve Yöntemler: Ocak 2011 ile Agustos 2012 tarihleri arasında 
ektopik gebelik nedeniyle tanı alan ve tek doz metotreksat tedavisi 
alan 93 olgu çalışmaya dahil edildi. Elektronik ortamda kaydelilen 
hastaların dosyalarında bulunan tüm bilgiler incelendi. 0-1, 0-4 ve 0-7 
günler arasındaki serum β-hCG seviyelerindeki değişim yüzdeleri her 
olgu için hesaplandı.
Bulgular: Metotreksat tedavisinin başarılı olan olguların %55.8 ve 
%89.6’da ortanca β-hCG değerleri 0 ve 4. günler arasında azalmış 
olarak bulundu. Tedavi öncesindeki ortanca β-hCG seviyesi tedavinin 
başarılı olduğu olgularda daha düşük saptanmasına rağmen iki grup 
arasında istatistiksel olarak bir fark saptanmadı (p=0.11). 
Sonuç: Serum β-hCG değerlerindeki 0 ile 4. günler arasındaki düşme 
olması metoteksat tedavisinin başarısını tahmininde en iyi gösterge 
olarak ortaya çıkmaktadır, ve tek doz metotreksat ile tedavi edilen ek-
topik gebeliklerin nihai tedavinin başarısını belirlemek yararlı olacak-
tır. (J Turkish-German Gynecol Assoc 2013; 14: 125-9)
Anahtar kelimeler: Ektopik gebelik, human koryonik gonadotropin, 
metotreksat
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Introduction

Ectopic pregnancy (EP), with high maternal morbidity and 
mortality, is a real health problem. Its incidence is approxi-
mately 2% of all pregnancies (1). Early diagnosis of ectopic 
pregnancy and the option of conservative treatment have 
become possible by the use of sensitive human chorionic 
gonadotropin (hCG) and high-resolution transvaginal ultra-
sonography (2, 3). Methotrexate (MTX), a folic acid antago-
nist, is a common alternative treatment to surgery and has 

been confirmed to be effective, safe and cost-effective (4). 
Recruitment of eligible patients for MTX treatment is a key 
point to improve therapeutic response and reduce treatment 
failure. The single-dose MTX protocol is the most frequently 
used protocol, with a reported success rate of 65% to 94%, as 
is associated with minimal toxic side effects, few complica-
tions and better compliance of patients (5-7). 
Several variables, including gestational sac size, fetal cardiac 
activity, free fluid in the peritoneal cavity, serum progesterone 
and β-hCG levels, have been used as indicators for the predic-
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tion of MTX treatment success. The serum β-hCG level before 
MTX administration has been reported as a particular factor 
contributing significantly to treatment failure (8). Previously, it 
has been found that at least a 15% reduction in the β-hCG con-
centration on the seventh day compared to the fourth day after 
MTX administration is the best predictor of treatment success, 
with a positive predictive value of approximately 93.0% (9). A 
rise in the β-hCG titer on the fourth day after MTX compared to 
the pretreatment titer occurs in 50 to 70% of patients after MTX 
injection. However, this rise is not associated with the persis-
tence of trophoblastic tissue (6). Furthermore, absolute mea-
surements of β-hCG titers on day 4 after MTX administration 
have not been identified to be an anticipating factor of success 
of single-dose therapy (10). 
Given the discrepancy between the results of previous publica-
tions, the aim of the current study was to determine whether 
percentage changes in serum beta-human chorionic gonado-
tropin (β-hCG) values between days 0-1 and 0-4 are an indicator 
of methotrexate therapy success in ectopic pregnancy.

Material and Methods

The current study was a cross-sectional retrospective study, 
conducted on 93 consecutive ectopic pregnancies managed 
medically with methotrexate at İnönü University School of 
Medicine, Turgut Özal Medical Centre, between January 2011 
and August 2012. Ethical approval was obtained from the 
institutional ethical committee of İnönü University. Recorded 
data were reviewed electronically from the files of patients. All 
women with an ectopic pregnancy treated medically with intra-
muscular methotrexate (50 mg/m2) met the following inclu-
sion criteria: 1) no clinical suspicion of active intra-abdominal 
bleeding at the time of presentation 2) documented ultrasound 
diagnosis of extra-uterine pregnancy 3) the absence of tropho-
blastic tissue in the uterine cavity by pathological examination 
4) subjects with β-hCG values on days 0, 4 and 7 appropriately 
measured after medical treatment. Exclusion criteria included 
1) incomplete records and patients who were lost to follow-up 
evaluation, 2) hemodynamic instability, 3) signs of acute abdo-
men and 4) abnormal hematologic, renal or hepatic laboratory 
values.
Only 93 of women who were managed with single-dose metho-
trexate therapy were eligible for the study; 38 had expectant 
management, 116 underwent surgery and 6 patients given 
medical therapy were excluded due to incomplete records. 
The demographic characteristics (age, gravidity, parity and 
abortus), physical examination (ectopic mass size calculated 
as the mean of the largest diameter and the diameter perpen-
dicular to it) and laboratory values before and after treatment 
(serum β-hCG levels on days 0, 1, 4 and 7 after MTX injection) 
were collected by reviewing the medical charts of patients from 
the hospital. The success of medical treatment was defined 
as at least a 15% decrease in the serum β-hCG level on day 7 
compared to day 4 after MTX treatment. Successfully treated 
patients were followed weekly by assessing serum β-hCG levels 
until this decreased to a value <5 mIU/mL. Treatment failure 
was defined as the need for either a second methotrexate injec-

tion or surgical removal of the ectopic pregnancy mass due to 
less than a 15% decrease in the β-hCG level on day 7 compared 
to day 4. 
The serum β-hCG titer at the time of MTX administration was 
defined as the baseline value. Thus, day 1, 4 (hCG4) and 7 
(hCG7) measurements were carried out after methotrexate 
administration. The percentage change in the serum β-hCG 
level from day 0 to 1, day 0 to 4 and day 0 to 7 were calculated 
for each case as: (the latter β-hCG level minus the former 
β-hCG level) divided by the former β-hCG level and then mul-
tiplied by 100. 

Statistical analysis
Differences between mean and median values were compared 
by Student’s t-tests for the continuous variables. Categorical 
variables, presented as numbers and percentages, were com-
pared using the Chi-square test between the groups. Results are 
expressed as median and interquartile range (IQR) or percent-
age and number, as appropriate. The cutoff points for defining 
altered percentages of β-hCG levels that predict the success of 
MTX treatment were determined by performing receiver opera-
tor characteristic (ROC) curve analysis. A probability value 
<0.05 was considered statistically significant throughout the 
statistical analysis. 

Results

The demographic features and clinical findings are presented in 
Table 1. The median and IQR of age was similar in both groups 
(p=0.48). There were also no significant differences between 
the groups in terms of obstetric history such as gravidity, parity 
and abortion (p=0.69, p=0.70, and p=0.67, respectively). In the 
successful group, the mean size of the mass was smaller than 
in the failure group (p=0.05). 
Methotrexate treatment in patients with ectopic pregnancy was 
successful in 71 cases (76.3%), but the medical treatment failed 
in 22 cases (23.7%). Of these 22 cases, 14 cases underwent 
surgery due to acute abdominal pain or rupture of the ectopic 
gestational sac, and a second dose of methotrexate was admin-
istered to eight cases. The median β-hCG values rose between 
days 0 and 1 in 54.3% of cases, between days 0 and 4 in 63.4%, 
and between days 0 and 7 in 85.1% of cases. In cases with 
decreased β-hCG levels between days 0 and 4, the success rate 
of treatment was 88.2%. Figure 1 presents the course of mean 
serum β-hCG values for each group. 
Although the median and IQR of the initial β-hCG values mea-
sured before MTX administration was lower in the successfully 
treated group in comparison with patients with treatment fail-
ure, the difference was not statistically significant (p=0.11). A 
considerable difference in the median β-hCG value was noted 
on the first day (p=0.03), the fourth day (p=0.01) and the sev-
enth day after MTX administration (p=0.007). In the success 
group, 47 cases (66.2%) had an initial β-hCG value below 2000 
mIU/mL, while in the treatment failure group, 13 cases (59.1%) 
had levels below 2000 mIU/mL (p=0.54). The median and IQR 
of serum β-hCG concentrations and percentage changes are 
presented in Table 2.
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In the successful MTX group, the percentage decrease in serum 
β-hCG values between days 0 and 1, days 0 and 4 and days 0 
and 7 were 54.3%, 63.4% and 85.1% of cases, respectively. The 
entire data set was divided into three groups: 1) the percentage 
changes in serum β-hCG values between days 0 and 1, 2) the 
percentage changes in serum β-hCG values between days 0 
and 4, and 3) the percentage changes in serum β-hCG values 
between days 0 and 7. The results of the ROC curve analysis 
indicate that Group 1 had an area under the curve of 0.63 (95% 
confidence interval (CI), 0.49-0.76; p=0.09), with a sensitivity 
of 52.9%, specificity of 65.0%, positive predictive value (PPV) of 
45.6% and a negative predictive value (NPV) of 55.2% in terms 
of identifying which patients were successfully treated with 
a single dose of MTX. The results of the ROC curve analysis 
indicate that Group 2 (≥1.36%) had an area under the curve 
of 0.69 (95% CI, 0.58-0.82; p=0.007), with a sensitivity of 61.8%, 
specificity of 70.0%, PPV of 47.6% and NPV of 53.1% in terms 
of identifying which patients were successfully treated with 
a single dose of MTX. The results of the ROC curve analysis 
indicate that Group 3 (≥0.18%) had an area under the curve 
of 0.79 (95% CI, 0.68-0.91; p<0.001), with a sensitivity of 83.8%, 

specificity of 60.0%, PPV of 58.9%, and NPV of 41.7% in terms 
of identifying which patients were successfully treated with a 
single dose of MTX. Furthermore, using the ROC curves, the 
calculated threshold percentage change between day 0 and 4 
of -9.088% had a sensitivity of 67.6%, specificity of 70%, NPV of 
49.8% and PPV of 50.8% in terms of identifying which patients 
failed treatment. The analysis of logistic regression of the value 
of this cutoff showed an increased risk of treatment failure with 
an OR of 4.94 (95% CI 2.67-9.13). The results of the ROC curves 
are presented in Figure 2. 

Discussion

The overall success rate of methotrexate treatment in this study 
was 76.3%, which is essentially in accordance with that report-
ed by the two previous reports (11, 12). In the present study, a 
63.4% probability of treatment success was found to be related 
to a rise in serum β-hCG values between days 0 and 4, which is 
similar to that indicated by Nguyen et al. (11). However, others 
have noted lower success rates in that population (13). 
Several studies have attempted to ascertain indicators of suc-
cess after medical treatment of EP (2, 14, 15). Different markers 
and features of EP have been studied to predict the outcome of 
treatment approaches (6, 16, 17). Yet, the best predictive marker 
of medical treatment success for EP has clearly been identified. 
A recent meta-analysis suggested that the initial β-hCG level is 
the most important predictor of MTX treatment success in EP 
(18). Although it did not reach a statistically significant level, 
the median initial β-hCG concentration was correlated with the 
treatment success rate. Undoubtedly, women with a declining 
trend in the β-hCG level benefited from methotrexate treatment 
for EP. The results of this study are in accordance with previ-
ous reports (11, 19-21). Stika et al. (13) demonstrated that the 
pretreatment β-hCG concentration was higher in women with 
treatment failure than those who were successfully treated with 
a single dose of MTX. A recent study including 238 patients also 
found that the initial β-hCG value is the most important predic-
tor of the outcome of treatment (22). 
The findings of this study mainly confirm the results of Skubisz 
et al. (12), who found that an early decline in serum the β-hCG 
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Table 1. Comparison of demographic features and β-hCG variables in the two groups

	                                                     Methotrexate treatment (n=93)

	 Success group	 Failure group	  
Baseline characteristics	 (n=71)	 (n=22)	 p value

Age, years	 29 (25-33)	 30.5 (27-32)	 0.48

Gravidity	 2 (1-3)	 2 (1-4)	 0.69

Parity	 1 (0-2)	 1 (0-2)	 0.70

Endometrial thickness, mm	 9.1 (5.7-13.5)	 10.0 (7.1-13.0)	 0.75

Extrauterine mass, mm	 17.5 (14.0-25.0)	 24.0 (16-34)	 0.05*

Free fluid on transvaginal ultrasonographya, n (%)	 26 (36.6%)	 10 (45.4%)	 0.42

Fetal heart activity present, n (%)	 2 (2.8%)	 2 (9.1%)	 0.25

Values are stated as the median and IQR as otherwise was noted. aThis information was available for only 86 of 93 patients. bThis information 
was available for only 83 of 93 patients. *P value is statistically significant

Figure 1. The mean values of serum β-hCG plotted against days after 
methotrexate injection in the two groups.
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value between days 0 and 4 was associated with a high rate 
of treatment success (88%). However, in the success group, 
66.2% of patients had an initial β-hCG value below 2000 mIU/
mL, and these cases would have undergone spontaneous reso-
lution if they had been treated with expectant management. 
Considering our similar success rate (89.6%), we support the 
notion that an early decline in the serum β-hCG value is corre-
lated with likely treatment success. In view of this similar rate, it 
appears to be unnecessary to measure β-hCG levels on the first 
day after MTX administration. 
A previous study conducted by Agostini et al. (19) evaluated the 
use of early β-hCG percentage changes between days 1 and 4 after 
methotrexate administration as an indicator of treatment success. 
That study noted that an hCG index value of 0.2 (20% decline) 
was associated with a very high probability of eventual treatment 
success, with a positive predictive value of 97%. However, the 
present study indicated a lower success rate (75.1%) in women 

with a decline in β-hCG percentage between days 1 and 4 after 
MTX administration. The explanation for this discrepancy may be 
that the sample size of the present study small.
One advantage of this study is that the data are applicable. 
The overall success rate of single-dose methotrexate therapy 
in this study was 76.3%, which is similar to that reported in 
the literature, 65-96% (5-7, 11). Our study mostly confirms the 
results of previous studies (19, 21, 22) that noted a rate of treat-
ment success of 88-100% in women with a decline in β-hCG 
between days 0 and 4, which is similar to our result (88.2%). 
Taken together, an early decline in serum β-hCG appears to be 
associated with a very high likelihood of successful treatment 
outcome. However, considering the 88.2% success rate, not 
100%, it would be logical to monitor serial β-hCG values sub-
sequent to MTX administration until the ectopic pregnancy is 
completely resolved.
In conclusion, β-hCG difference variables may contribute to 
the prediction of persistent disease. Early detection of resis-
tant disease can be managed promptly. We have found that 
a decline in serum β-hCG between days 0 and 4 is associated 
with a high rate of treatment success. The change in the serum 
β-hCG value between days 0 and 4 appears to be a reliable early 
indicator of the likely eventual outcome of medical therapy and 
contributes to identifying which patients have been successfully 
treated with a single dose of MTX.
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Table 2. Comparison of serum β-hCG values in the two groups

	                                                     Methotrexate treatment (n=93)

	 Success group	 Failure group	  
Baseline characteristics	 (n=71)	 (n=22)	 p value

Initial β-hCG levels	 1341.5 (647.0 – 2294.8)	 1595.0 (570.7 – 3587.3)	 0.11

β-hCG levels on the first day after MTX 	 1413.5 (637.8 – 2164.0)	 1702.5 (782.3 – 3380.5)	 0.03* 
administration, mIU/mL	

β-hCG levels on the fourth day after MTX 	 870.5 (483.5 – 2220.0)	 2268.5 (526.3 – 6137.5)	 0.01* 
administration, mIU/mL	

β-hCG levels on the seventh day after MTX 	 537.0 (202.5 – 1514.3)	 2299.5 (431.3 – 7274.8)	 0.007* 
administration, mIU/mL	

The percentage difference in β-hCG 	 1.09 (-11.12 - 22.34)	 -4.07 (-15.24 - 7.62)	 0.02* 
levels between day 0 and 1	

The percentage difference in β-hCG 	 12.77 (-19.06 - 49.57)	 -31.16 (-60.73 - 12.34)	 0.002* 
levels between day 0 and 4	

The percentage difference in β-hCG 	 42.31 (19.44 - 79.64)	 -18.26 (-68.16 - 19.44)	 0.001* 
levels between day 0 and 7	

Values are stated as median and IQR. *P value is statistically significant. MTX: Methotrexate

Figure 2. The ROC curves of percentage changes in serum β-hCG 
values between days 0-1, 0-4 and 0-7.
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