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H I G H L I G H T S

• Methotrexate dose adjustment by BSA and weight did not influence chemotherapy response or disease relapse in low-risk GTN.

• BSA or weight was not associated with the number of methotrexate cycles required to achieve a complete treatment response.

• Flat-dose methotrexate (50 mg) within the 8-day MTX-FA regimen is supported in the treatment of low-risk GTN.
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Background. Single-agent methotrexate (MTX) is commonly used as first-line treatment for low-risk gesta-

tional trophoblastic neoplasia (LR-GTN), although no international consensus exists on the optimal treatment

regimen to maximise complete hCG response (CR) and minimise relapse rates. Current regimens differ in the

route of administration, dose scheduling, and use of flat-dose, body surface area (BSA)- or weight-based dosing.

In theUK amethotrexate-folinic acid (MTX-FA) 8-day 50mg intramuscularflat-dose regimen is used,with 15mg

oral folinic acid rescue. In LR-GTN patients, we aim to determine the effect of MTX dose adjustment by BSA and

weight upon chemotherapy response and disease relapse.

Methods. Between January 1973 and August 2020, 935 LR-GTN patients treated with first-line MTX-FA were

identified from a single UK specialist trophoblastic centre. Of these, 364were included, of which 178 (49%) had a

CR to first-line MTX-FA. Subgroup analyses were performed upon: (i) patients who changed chemotherapy due

to MTX toxicity (n = 33); and (ii) patients with a FIGO score of 5–6 (n = 85). Logistic regression analysis ex-

plored the relationship between BSA or weight adjusted MTX dosing and: (i) CR to first-line chemotherapy;

(ii) incidence of disease relapse. Linear regression analyses assessed the correlation of BSA and weight with

the number of MTX-FA cycles required to achieve CR.

Results. In LR-GTNpatients, BSA andweight adjustedMTX-FA dosing did not influence CR tofirst-line chemo-

therapy or the incidence of disease relapse. The number ofMTX cycles required to achieve CR was not associated

with BSA orweight. These findingsweremaintained in a subgroup analysis of FIGO 5–6 patients. The incidence of

MTX toxicity was not influenced by BSA or weight.

Conclusions. In the treatment of LR-GTN, dose individualisation using BSA or weight is not required, and fixed

dosing continues to be preferred as the UK standard.

© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).
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1. Introduction

The International Federation of Gynaecology and Obstetrics scoring

system (FIGO) is used worldwide to guide the primary treatment of pa-

tients diagnosed with gestational trophoblastic neoplasia (GTN). Using

the sum of eight risk-factors, FIGO is designed to predict the risk of pri-

mary, single-agent chemotherapy resistance, stratifying patients into

low- (score ⩽6) and high-risk groups (score ⩾7). In the United

Kingdom (UK), low-risk (LR-GTN) patients are typically treated with

first-line single-agent methotrexate (MTX) [1], employing a MTX-FA

8-day regimen, whilst high-risk (HR-GTN) patients receive first-line

combination chemotherapy, usually with EMA/CO (etoposide, metho-

trexate, dactinomycin, cyclophosphamide and vincristine [1–3]). De-

spite FIGO classification, a third of patients treated for LR-GTN are

resistant to first-lineMTX-FA, increasing to four out offive of those scor-

ing 5 or 6 [4,5].

In other malignancies (paediatric acute lymphoblastic leukaemia

(ALL) and osteosarcoma), a relationship between serum MTX concen-

tration and clinical response has been demonstrated [6,7]. Therefore,

through dose-individualisation, pharmacokinetics could contribute to

reducing MTX resistance. Indeed, it is widely accepted that chemother-

apeutic drugs such as MTX, which have a narrow therapeutic index and

variable inter-patient pharmacokinetics, should be individually dosed

tomaximise clinical effect, andminimise toxicity. Accepted dose adjust-

ment techniques include serum drug levels or surrogate measures such

as body surface area (BSA) [8,9]. BSA is correlated with blood volume,

quantity of circulating plasma proteins, and urea clearance, which can

influence the plasma level, and therefore the therapeutic effect and tox-

icity of drugs [10]. Of note, BSA basedMTX dosing is already established

in the management of ectopic pregnancy and in HR-GTN [10–13]. It is

therefore feasible that in some LR-GTN patients, MTX resistance could

be caused by subtherapeutic MTX delivery to the tumour itself. How-

ever, in much of Europe, including the UK., flat-dose MTX is standard

practice in the treatment of LR-GTN [5,14].

The initial complete primary remission rate is an important endpoint

because patientswho develop resistance to first-line treatment need fur-

ther treatment for cure; this could be further sequential single-agent

chemotherapy, multi-agent chemotherapy or consideration of surgical

options. Internationally, there has been a variety of MTX-FA regimens

used reporting an approximate 57–90% primary remission rate inmainly

retrospective, although some prospective, non-randomised studies.

Randomised studies have reported MTX-FA primary remission rates of

48–88% [5]. Across all of these studies, thewide variability in the primary

remission rates reflect differences in drug dosing, scheduling, and route

of administration making comparison across these series difficult.

MTX-FA regimens have used: (i) flat-dose, weight- or BSA-based dosing;

(ii) intramuscular (IM), intravenous (IV) or oral administration; and (iii)

five-day, eight-day or weekly scheduling. Guidelines developed by the

European Society of Medical Oncology (ESMO) recommend flat-dose

50 mg IM MTX using an eight-day regimen, with 15 mg oral folinic

acid rescue therapy (8-dayMTX-FA). This is also the recommended prac-

tice in the UK, Germany, Austria and Switzerland [14–17]. In the United

States, an eight-day weight adjusted dose of 1 mg/kg, or five-day 0.4

mg/kg/day regimen is administered IM or IV [18]. Meanwhile,

Denmark [19] uses BSA-based regimens, whilst Spain employs either

an 8 day or BSA-based regimen [16].

A prior Italian study revealed comparable rates of treatment resis-

tance using weight-based versus flat-dose eight-day MTX regimens,

yet the effect of BSA based dosing has not been evaluated [20]. Using a

dataset of LR-GTNpatients treated at the Sheffield Trophoblastic Disease

Centre (STDC), this analysis explored the effect of BSA andweight upon:

(i) complete response (CR) to single-agentMTX-FA; (ii) the incidence of

disease relapse; (iii) the prediction of CR and disease relapse and; (iv)

the number of MTX-FA cycles required to achieve a CR. An additional

subgroup analysis was performed of patients at the highest risk of

MTX-FA resistance; those scoring FIGO score 5 and 6.

2. Methods

2.1. Data collection

Patients were identified from the STDC registry between January

1973 and August 2020 and included if they had: (i) FIGO LR-GTN

(score ⩽6); (ii) received first-line treatment with flat-dose 50 mg

MTX dosing (8-day MTX-FA comprising 50 mg MTX IM on days 1, 3,

5, 7 with 15 mg oral folinic acid rescue 24 h after MTX on days 2, 4, 6,

8 repeated every 2 weeks. Treatment continued for 6 weeks following

serum hCG normalisation); documentation of (iii) height and weight

within three weeks of commencing MTX-FA; (iv) response to primary

chemotherapy (treatment resistance (TR) versus complete response

(CR)); (v) number of cycles of MTX-FA administered; and (vi) a

follow-up period ⩾1 year after CR.

CR was defined as the normalisation of serum human chorionic go-

nadotrophin (hCG) levels for a minimum of 6 weeks on chemotherapy

[21]. Treatment resistance was defined as a rise in ⩾2 serial hCG mea-

surements over 4 weeks, or ⩾3 measurements with in inadequate fall

(approximately 25%) in the same time frame [11]. Relapse after initial

treatment was also recorded, defined by a rise in serum hCG after nor-

malisation for ≥6 weeks, in the absence of confirmed pregnancy [21].

Patients were excluded if they had (i) changed treatment due to the

coronavirus (COVID-19) pandemic; (ii) persistently raised hCG levels

due to another cause; (iii) missing or incomplete records; (iv) FIGO

score ⩾7; or (v) were not treated (Fig. 1).

All patients had previously given permission for anonymised clinical

information to be held on the STDC registry, and therefore no further

ethics committee approval was required.

2.2. Statistical analysis

BSA was calculated using the Mosteller formula: BSA metres2
� �

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

height centimetresð Þ�weight kgð Þ
3600

q

[22].

Logistic regression analysis (LR) explored the relationship between

the variables BSA and weight, and primary outcome measures: (i) CR

to first-line MTX-FA; and (ii) disease relapse. Wald's χ2 was calculated,

using χ2= (β/(SE β))2 for each predictor, where β is the regression co-

efficient, and SE is standard error. P-values were generated using this

value. Linear regression investigated whether BSA or weight adjusted

MTX dosing influenced the number of cycles needed to achieve CR. R2

was used to test goodness of fit of the model.

Data were tested for normality using the Shapiro-Wilk test.

Kolmogorov-Smirnov tests (KS) were used to explore differences in

BSA or weight between; (i) CR and TR to first-line single-agent MTX-

FA; and (ii) relapse status. Analyses were performed using GraphPad

Prism (version 9.1.1, San Diego, CA, USA).

3. Results

Of the 935 patients identified, 595 (64%) had a CR to first-line MTX-

FA. Overall, 364 satisfied the inclusion criteria, with 571 patients being

excluded largely due to incomplete height and weight data, with other

reasons shown in Fig. 1. Of these 364 patients, 178 (49%) had CR to

first-line single-agent MTX-FA, and 186 (51%) developedTR. (Fig. 1).

Thirteen (4%) patients relapsed.Median followup from the date of uter-

ine evacuation was 188 months (IQR = 102–254 months).

The distribution of BSA (Fig. 2A) was comparable for patients with a

CR (median 1.72, standard deviation (SD) 0.19) and TR (median 1.71,

SD 0.21) (KS test, D= 0.07, p=0.76) (Fig. 2B). The weight distribution

(Fig. 2C) of CR (median 64.50 kg, SD 14.22) and TR patients (median

64.50 kg, SD 15.22) was also equivalent (KS test, D = 0.06, p = 0.92)

(Fig. 2D).
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Fig. 2. The influence of body surface area and weight upon response to first-line single-agentmethotrexate. A: The distribution of body surface area bymethotrexate response. B: The dis-

tribution of weight by methotrexate response. C: Median body surface area according to methotrexate response. n= 364, Kolmogorov-Smirnov test, D = 0.07, p= 0.76. Error bars rep-

resent 95% confidence interval. D: Median weight according to methotrexate response. n = 364, Kolmogorov-Smirnov test, D = 0.06, p = 0.92. Error bars represent 95% confidence

interval.

Key: BSA, body surface area; CR, complete response; kg, kilograms; m2, metres squared; TR, treatment resistance.

Fig. 1. CONSORT diagram demonstrating inclusion and exclusion criteria.

Key: COVID-19, coronavirus; CR, complete response; FIGO, International Federation of Gynecology andObstetrics; GTN, gestational trophoblastic neoplasia; hCG, human chorionic gonad-

otrophin; n, number of patients; TR, treatment resistance.
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Similarly, the distribution of BSA (Fig. 3A) was comparable for pa-

tients who relapsed (mean 1.76, SD 0.27) versus those who did not

(mean 1.71, SD 0.20) (KS test D= 0.18, p=0.81) (Fig. 3B). The weight

distribution (Fig. 3C) of patients with relapse (mean 67.80 kg, SD 21.51)

versus no relapse (mean 64.30 kg, SD 14.44) was also equivalent (KS

test D = 0.13, p = 0.99) (Fig. 3D).

3.1. Regression analyses

Using logistic regression, BSA andweight did not predict CR (Fig. 4A)

to first-line MTX-FA or relapse (Fig. 4B, Supplementary Table 1). Linear

regression analysis revealed that BSA (Fig. 5A) and weight (Fig. 5B) did

not influence the number of cycles required to achieve CR to first-line

MTX-FA (Supplementary Table 2).

3.2. Subgroup analysis: MTX Toxicity

A total of 33 patients switched fromMTX-FA therapy due to toxicity

(3.5% dataset). The incidence of MTX-FA toxicity was not influenced by

either BSA (KS test, D = 0.15, p = 0.63) or weight (KS test, D = 0.16,

p = 0.54) (Supplementary Fig. 1).

3.3. Subgroup analysis: FIGO 5 and 6

In a subgroup analysis of patients with a FIGO score of 5 and 6 (n=

85), 27 patients (32%) had a CR to first-line-MTX-FA. The distribution of

BSA (Supplementary Fig. 2A) was comparable for patients with a CR

(median 1.74, standard deviation (SD) 0.21) and TR (median 1.74, SD

0.18) (KS test, D= 0.19, p=0.50) (Supplementary Fig. 2B). Theweight

distribution (Supplementary Fig. 1C) of CR (median 68.00 kg, SD 15.61)

and TR patients (median 66.15 kg, SD 12.22) was also equivalent (KS

test, D = 0.16, p = 0.74) (Supplementary Fig. 2D).The incidence of re-

lapse (n = 3) was not influenced by BSA (KS test, D = 0.77, p = 0.07)

or weight (KS test, D = 0.76, p = 0.07) (Supplementary Fig. 3).

Using regression analysis, BSA and weight did not predict CR or re-

lapse to first-line MTX-FA (Supplementary Fig. 4 and Supplementary

Table 3). Furthermore, the number of cycles required to achieve CR to

first-lineMTX-FAwas not influenced by BSA or weight (Supplementary

Fig. 5 and Supplementary Table 4).

4. Discussion

In the treatment of LR-GTN, there is disparity regarding flat- versus

BSA or weight-based MTX dosing. In this study, involving LR-GTN

Fig. 3. The influence of body surface area andweight upon the incidence of disease relapse A: The distribution of body surface area by relapse status. B: The distribution ofweight by relapse

status. C: Median body surface area according to relapse status. n= 364, Kolmogorov-Smirnov test, D = 0.18, p= 0.81. Error bars represent 95% confidence interval. D: Median weight

according to relapse status. n = 364, Kolmogorov-Smirnov test, D = 0.13, p = 0.99. Error bars represent 95% confidence interval.

Key: BSA, body surface area; CR, complete response; kg, kilograms; m2, metres squared; TR, treatment resistance.
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patients, there was no association between BSA or weight, and CR to

first-line MTX-FA, or the number of cycles required to achieve CR.

These findings were maintained within a subgroup analysis of patients

with a FIGO score of 5 or 6. Furthermore, the incidence of MTX-FA tox-

icity was not influenced by either BSA or weight. Current UK practice,

usingflat-doseMTX-FA in the primarymanagement of LR-GTN is there-

fore supported by these results.

In agreementwith our findings, a previousmulti-centre Italian study

(MITO-9) revealed CR rates to be comparable between 8-day50mgflat-

dose and weight-based 1 mg/kg/day MTX-FA regimens in LR-GTN

patients [20]. Furthermore, CR rates to first-line single-agent MTX-FA

were equivalent when comparing UK (8-day 50 mg flat-dose IM MTX)

[23] and USA practice (8-day 1 mg/kg IM MTX) over a similar time pe-

riod (72% and 78% respectively) [24]. Similarly, in a retrospective study

of 300 patients treated with weight- or BSA-based chemotherapy dos-

ing, similar levels of chemotherapy resistancewere observed in patients

with a BMI <25 kg/m2 versus ≥25 kg/m2. Within this study, the overall

CR rate of 63.7%was comparable to our CR rate for all identified patients

(64%). However, the study differed from ours by inclusion of multiple

different MTX-FA regimens, as well as actinomycin D regimens, all of

which usedweight- or BSA-based dosing [25]. To our knowledge, previ-

ous literature has not evaluated the effect of BSA- or weight-based dos-

ing upon patients with a FIGO score of 5–6, which represent a subgroup

at higher risk of MTX-FA resistance. Despite the lower CR rate to MTX-

FA in FIGO 5–6 patients (n=85) compared to thewhole FIGO⩽6 cohort

(n = 364) (32% versus 49% respectively), our study provides reassur-

ance that flat-dose MTX-FA regimens are appropriate in this high-risk

cohort.

There are no previously published studies evaluating the effect of

BSA-based dosing on an 8-day regimen, so direct comparisons with

our findings cannot be made. Across weekly BSA-based regimens, pri-

mary response rates range from 49 to 74%, with doses of 30-50 mg/m2

[26,27]. However, consensus is that weekly regimens are generally

less efficacious than 5- or 8-day regimens [5,24]. A dose of 20 mg/m2

on a 5-day IM regimen had a remission rate of 69% amongst 42 patients

treated between 1980 and 2002 [28].

Much of the high quality evidence for treatment of LR-GTN, includ-

ing a Cochrane review of randomised control trials [29] and another

meta-analysis of both randomised and non-randomised studies [30],

have focused upon comparing various MTX-FA regimens to

actinomycin-D. Limitations of the studies included underpowered stud-

ies, heterogeneity between included studies such as thedifferent dosage

regimens, definitions of persistence, different FIGO risk score thresh-

olds, inclusion of patients with or without metastatic disease and cho-

riocarcinoma, differing outcome measures and follow-up times. This

renders comparisons across these studies challenging and difficult to in-

terpret. In addition, evidence for BSA-based dosing is sparse, and the 8-

day regimen with BSA-based dosing has not been evaluated.

Despite attempts to individualise dosing using BSA, there is consid-

erable variability in plasma drug levels across many chemotherapeutic

drugs [9]. Drug exposure of a target organ may be influenced by many

factors which do not correlate with BSA or weight, including renal and

liver function, the role of drug-metabolising enzymes and tumour resis-

tance to the drug [10]. BSA-based dosing cannot account for these con-

founders upon treatment response, andmay therefore be too indirect to

Fig. 4. Receiver operating characteristics curves demonstrating the role of body surface

area andweight inpredictingA: complete response tofirst-line single-agentmethotrexate

and B: disease relapse using logistic regression analysis (n = 364).

Key: BSA, body surface area; CR, complete response; ROC, receiver operating curve.

Fig. 5. The relationship between body surface area, weight and the number of methotrexate cycles required to achieve a complete treatment response using linear regression analysis. A:

Body surface area. B: Weight. Linear regression output is plotted (n = 178).

Key: BSA, body surface area; CR, complete response; kg, kilograms; MTX, methotrexate.
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confer meaningful clinical relevance. A future study directly measuring

plasma drug levels in LR-GTN patients would help to account for this

variability and further explore the role of BSA-based dosing. This tech-

nique has previously been proposed as a means of chemotherapeutic

drug dosing [9].

Themain limitation of our study involved the retrospective design, a

common problem in GTN research. Sufficiently powered, prospective

studies are difficult to design, due to the low incidence of GTN; indeed,

the MITO study [20], one of the largest, multicentre studies in the field,

was also retrospective. Despite using 47 years of data in our study, pa-

tient numbers were still low. This was compounded by the number of

excluded patients due to incomplete or missing height and weight

data, which likely arose due to the use of a flat-dose MTX-FA regimen,

obviating the clinical need to collect or record such data. Incomplete

andmissing data affected a higher proportion of CR compared to TR pa-

tients, leading to inclusion bias. This also explained the lower-than-

expected CR rates (49%) amongst the included cohort (n=364), whilst

the CR rate for all identified patients (64%, n=935)was in keepingwith

previous literature [11,21,29–33]. Reassuringly, the FIGO scores of the

included (median = 3, IQR 2–4) and excluded patients (median = 3,

IQR2–4)were comparable. Although this study involved a single centre,

the results are internationally translatable to other centres which adopt

the same 8-day 50 mg IMMTX/15 mg oral folinic acid regimen.

In conclusion, our study supports current UK practice using first-line

flat-dose 50mgMTX as the 8-dayMTX-FA regimen in LR-GTN patients,

when afixed dose of folinic acid is used. Given thesefindings, height and

weight do not need to be routinelymeasured prior to initiating low-risk

chemotherapeutic treatment. Future studies could investigate the role

of more accurate drug dosing using plasma derived MTX levels in

predicting CR to first-line MTX-FA.
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Glossary

Gestational trophoblastic neoplasia – an umbrella term for multiple types of invasive tumour,
arising from placental tissue, which typically occur after a molar pregnancy.
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