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CA-125 Levels Predict Optimal Surgery in Carcinoma Ovary:
A Retrospective Analysis with Prospective Validation
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Abstract
Purpose Interval cytoreduction (IC) after a course of neoadjuvant chemotherapy is the preferentially followed manage-

ment for advanced epithelial ovarian cancers. When planning an interval cytoreduction, it is important to assess the

probability of achieving optimal surgery so as to avoid futile laparotomies. Several assessment techniques like CECT of the

abdomen and pelvis, tumour marker-based response assessment and diagnostic laparoscopy are being used for this purpose

with varying results. In our institute, we evaluated the utility of CA-125 value to predict the possibility of optimal surgery

in advanced carcinoma ovary after neoadjuvant chemotherapy (NACT).

Methods The data of treated advanced epithelial ovarian cancer were collected from the hospital records for the study

period between February 2015 and February 2018 (n = 83). The cut-off value and percentage reduction of CA 125 in

predicting optimal cytoreduction were analysed by receiver operator curve (ROC). These values were validated

prospectively from March 2018 to September 2019 in 60 cases treated during this period. Statistical analysis was per-

formed using SPSS 25.

Results ROC analysis revealed CA-125 value of 88.5 U/ml (i.e. twice the upper limit of normal value) had sensitivity of

100% and specificity of 94% (AUC = 0.98; P value\ 0.001) to predict optimal cytoreduction. Similarly, 90.46%

reduction in CA-125 value had a sensitivity of 72% and specificity of 71% (AUC = 0.72; P value = 0.047) to predict

optimal IC. In the prospective validation, among those who had post-NACT CA-125 value of less than twice the upper

limit of normal value, 98.14% (53 out of 54) had optimal surgery with a P value of 0.0001. Among those with more than

90% reduction in CA 125 value after neoadjuvant chemotherapy 94.8% (55 out of 58) had optimal cytoreduction

(P value—0.012).

Conclusion The post-chemo CA 125 value and percentage reduction of CA 125 after neoadjuvant chemotherapy have high

sensitivity and positive predictive value in predicting optimal interval cytoreduction.
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Introduction

Epithelial ovarian cancer is the most lethal gynaecological

malignancy, majority being advanced at presentation [1].

Though no survival differences were proven between pri-

mary and interval cytoreduction (IC), the latter is preferred

in advanced disease as this increases the possibility of

optimal surgery and has less perioperative morbidity and

mortality. When planning an interval cytoreduction, it is

important to assess the probability of achieving optimal

surgery so as to avoid futile laparotomies. Several assess-

ment techniques like CECT of the abdomen and pelvis,

tumour marker-based response assessment and diagnostic

laparoscopy are being used for this purpose with varying

results [2]. Diagnostic laparoscopy is considered ideal, but

it requires hospital admission, general anaesthesia with

associated costs. In our institute, we evaluated the utility of

CA-125 value to predict the possibility of optimal surgery

in advanced carcinoma ovary after neoadjuvant

chemotherapy (NACT).
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Materials and Methods

The data were collected from the hospital records for the

study period between February 2015 and February 2018

(n = 83). All cases of biopsy proven advanced ovarian

epithelial cancer patients who underwent interval cytore-

duction after NACT were included in the study. The reg-

imen used was Paclitaxol 175 mg/m2 IV over 3 h followed

by Carboplatin AUC 5-6 over 1 h as 3 weekly cycle. The

stage of the disease, imaging findings, preneoadjuvant CA

125 values, number of cycles of neoadjuvant chemother-

apy, post-neoadjuvant CA 125 value and completeness of

cytoreduction were recorded. The staging was done by

means of clinical examination, CECT abdomen and pelvis,

chest X-ray. The post-neoadjuvant CA 125 was done after

2 weeks of chemotherapy. The surgery was considered

optimal, if no visible macroscopic disease was left behind.

All the surgeries were performed by qualified surgical

oncologists. The median preneoadjuvant CA 125 value,

post-neoadjuvant CA 125 value in the optimal and sub-

optimal group was calculated. The cut-off value and per-

centage reduction of post-neoadjuvant CA 125 in

predicting optimal cytoreduction were analysed by receiver

operator curve (ROC). These values were validated

prospectively from March 2018 to September 2019 in 60

cases treated during this period.

Statistics

Statistical analysis was performed using SPSS version 25.

By univariate analysis, odds ratio (OR) and the P value

were calculated. Mann–Whitney U test was used as the

values were non-normally distributed. Receiver operating

curve (ROC) calculated the area under curve and the best

cut-off value to predict the likelihood of optimal cytore-

duction. By using ROC curve, the sensitivity and speci-

ficity of achieving optimal cytoreduction were analysed for

each value of post-neoadjuvant CA125. Similarly, ROC

analysis was done to assess the sensitivity and specificity of

percentage reduction of post-neoadjuvant CA 125. The

utility of CA 125 value in predicting optimal IC was

prospectively validated in the validation cohort using the

Chi-square test.

Results

In the retrospective analysis, among 83 patients, 12 patients

had stage IVA disease and the remaining had stage IIIC

disease. Fifty-four patients were operated after 3 cycles of

neoadjuvant chemotherapy, while the remaining 29

patients received 6 cycles of neoadjuvant chemotherapy

prior to surgery. After 3 cycles of NACT, patients were

assessed by means of clinical examination, CA 125 and

CECT abdomen and pelvis. In those with high possibility

of inoperability or suboptimal surgery, all 6 cycles of

NACT are given, i.e. the 29 patients. Optimal interval

cytoreduction was achieved in 91.6% (76 patients) and

suboptimal surgery in 8.4% (7 patients). The median pre-

chemotherapy CA 125 value in optimal and suboptimal

group was 672.5U/ml (range 104–8340) and 986.0 U/ml

(range 432–4532), respectively. Similarly, the median post-

NACT CA 125 value in optimal and suboptimal group

were 31.5U/ml (range 3.3–122) and 112.0U/ml (range

89–131), respectively. The median CA-125 values are

shown in Table 1.

ROC analysis revealed post-neoadjuvant CA-125 value

of 88.5U/mlhad sensitivity of 100% and specificity of 94%

(AUC = 0.98; P value\ 0.001) to predict optimal

cytoreduction. Similarly, 90.46% reduction in CA-125

value had a sensitivity of 72% and specificity of 71%

(AUC = 0.72; P value = 0.047) to predict optimal IC. The

ROC curves are shown in Figs. 1 and 2.

In the prospective validation, among those who had

post-NACT CA-125 value of less than 88.5U/ml, 98.14%

(53 out of 54) had optimal surgery with a P value of

0.0001. Among those with more than 90% reduction in CA

125 value, 94.8% (55 out of 58) had optimal cytoreduction

(P value—0.012). The results of validation are shown in

Tables 2 and 3.

Discussion

More than two-thirds of the patients with epithelial ovarian

cancer have advanced disease at presentation, and their

5-year survival rate is less than 28% [3]. NACT followed

by surgery is preferentially performed in many centres, as

it increases the possibility of optimal IC which is the single

most important prognostic determinant [4].

Several approaches have been used to predict the pos-

sibility of achieving optimal IC and these includes clinical

examination, CECT of the abdomen and pelvis, post-

NACT CA-125 value, diagnostic laparoscopy or combi-

nation of the above.

Nelson criteria, Bristow and Ferrandina criteria and

Sugarbaker criteria are some of the CT-based criteria.

Nelson CT-based criteria predicted the optimal surgery in

only 69% cases [5]. Bristow and Ferrandina et al. evaluated

the combination of clinical examination and CT imaging

and reported a specificity of 75% with a PPV of 50% [6].

However, these results have not been consistently repro-

ducible in independent cohorts.

Extensive peritoneal carcinomatosis diffuse mesenteric

involvement, diffuse long segment bowel loop
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involvement, diaphragmatic disease, and porta hepatis

deposits are common causes for inoperable disease.

Laparoscopy offers the advantage of directly look into the

abdomen and decide on operability. However, the presence

of any of the individual parameters as such does not nec-

essarily indicate inoperability which is evident from per-

formance of individual parameters. Laparoscopic scores

combine multiple parameters and provide a better assess-

ment of intra-abdominal disease extent, the chance of

inoperability. The sensitivity of diagnostic laparoscopy was

studied by Fagotti et al. and reported it to be effective in

predicting optimal surgery and proposed its use to avoid

unnecessary laparotomies [7]. LapOvCa trial has shown a

significant benefit in reducing futile laparotomies (10% vs.

39%) by using diagnostic laparoscopy [8]. Though

laparoscopy appears a promising tool, it needs technical

expertise, hospital administration, general anaesthesia and

associated costs.

Several studies have used various CA 125 values as cut-

off and had diverse results. Monisha et al. analysed the CA

125 value and per cent reduction to predict optimal sur-

gery. In a cohort of 406 cases of post-NACT, in those with

CA 125 value of less than 100 U/ml, 70% had optimal

surgery and in those with more than 95% reduction in CA

125, 88% had optimal surgery [9]. Another study by

George et al. in 496 patients used a cut-off value of 500U/

ml which had 78% sensitivity [10].

In our study, CA-125 value of more than twice the upper

limit of normal value has sensitivity of 100% and speci-

ficity of 94% (AUC = 0.98; P value\ 0.001) to predict

optimal interval cytoreduction. Similarly, 90% reduction in

post-neoadjuvant CA-125 value has sensitivity of 72% and

specificity of 71% (AUC = 0.72; P value = 0.047) to pre-

dict operability. Both the CA 125 cut-off value and

Table 1 Median CA 125 values

in retrospective cohort
Median CA-125 Pre-chemotherapy Post-chemotherapy

Optimal group 672.5 U/ml (range 104–8340 U/ml) 31.5 U/ml (range 3.3–122 U/ml)

Suboptimal group 986 U/ml (range 432–4532 U/ml) 112 U/ml (range 89–131 U/ml)

Fig. 1 ROC for percentage reduction in CA 125 value

Fig. 2 ROC curve for CA 125 cut-off value

Table 2 Validation of CA-125 cut-off value

CA-125 value \ 88.5 U/ml [ 88.5 U/ml P value

Optimal surgery 53 3 0.0001

Suboptimal surgery 1 3

Table 3 Validation of CA-125 percentage reduction

CA-125 per cent reduction [ 90% \ 90% P value

Optimal surgery 55 1 0.012

Suboptimal surgery 3 1
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percentage reduction value on validation showed statisti-

cally significant. On comparing to the other studies, the

results of our studies have shown that the post-neoadjuvant

CA 125 value less than 88.5U/ml and 90% reduction in CA

125 value are more reliable cut-offs with a very good

sensitivity and specificity to predict optimal IC which is

strongly supported by the prospective validation.

This study, however, has several limitations. The sample

size is small, laboratory errors could affect outcome, and as

CA 125 fall is a continuum timing of post-NACT CA 125

test could alter result and clinical decision making.

Conclusion

The operability for advanced carcinoma ovary after

neoadjuvant chemotherapy should be assessed accurately

to avoid futile laparotomies. The post-chemo CA 125 value

and percentage reduction of CA 125 after neoadjuvant

chemotherapy has high sensitivity and positive predictive

value in predicting optimal interval cytoreduction.
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