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INTRODUCTION

Ozols RF, et al. J Clin Oncol. 2003;21:3194-200. 

❖ Ovarian cancer & Chemotherapy induced anemia (CIA)

▪ Standard treatment for ovarian cancer incudes maximal cytoreductive surgery followed by

platinum-based chemotherapy

▪ This has known myelosuppressive side effects with a high rate of CIA up to 50–80%.

▪ Failure to address these toxicities may lead to increased fatigue, life threatening infections,

interruptions in chemotherapy schedule, and poorer quality of life.



INTRODUCTION

Egrie JC, Br J Cancer. 2001;84(Suppl 1):3–10. 2.
Ross SD, et al. Clin Ther. 2006;28:801-31.

❖ Recombinant erythropoietin-stimulating agent (ESA)

▪ Binds to the erythropoietin receptor on erythroid progenitor cells

→ stimulates differentiation into mature red cells and inhibits apoptosis.

▪ Treatment with an ESA for CIA decreases the need for transfusion by 50%.



INTRODUCTION

❖ Impact on Mortality & Disease Progression

▪ However, the safety issues came into question regarding survival after the use of ESAs became

commonplace for the treatment of CIA.

▪ Several studies suggested that survival was compromised with use of ESAs, with regard to disease

progression.



✓ In 8 trials (4,062 patients), ESA use for CIA treatment significantly increased 
mortality risks 1

- All 8 trials had an off-label target (Hb > 13 g/dl), only 4 trials in CIA  settings with Hb-reached 
13g/dl   ( 2 for Cancer-related anemia, 2 for Radiotherapy induced anemia)

DA: darbepoetin alfa, Hb: hemoglobin, CIA: Chemotherapy-induced anemia, ITT: Intent-to-treat, PP: per protocol
Ref. 1. Bennett  CL et al., JAMA 2008;299:914-924, 2. Oral Oncol.2015 Dec;51(12):1138-42.  3. Henke M, et al., Lancet . 2003; 362: 1255–1260

adapted from JAMA 2008;299:914-924

Impact on Mortality & Disease Progression 



Impact on Mortality & Disease Progression 

In 2010, an updated meta-analysis (N =

15,323 patients) showed no significant

effect of ESAs on survival or disease

progression in CIA patients with

baseline Hb levels of less than 11 g/dL.

• 47: CTx setting

• 4: RTx seting

• 9: No Tx related

Ref. British Journal of Cancer(2010)102,301–315. 



INTRODUCTION

❖ Recombinant erythropoietin-stimulating agent (ESA)

▪ Currently, several guidelines indicate that ESAs should not to be used if there is intent to cure and

should be used only in patients who are receiving chemotherapy with Hgb levels <10 g/dL.

Bohlius J, et al.. J Clin Oncol. 2019;37:1336-51.
Becker PS, et al. J Natl Compr Canc Netw. 2020;18:12-22.



OBJECTIVE

❖ Unmet Needs

▪ No study or meta-analysis has evaluated outcomes of ESA therapy by subgroups defined by

chemotherapy intent.

▪ Whether individuals are receiving curative- or palliative-intent therapy is not always a clear

distinction.

▪ Whether ESAs for CIA compromise survival in patients with ovarian cancer remains unknown.

❖ This study aims to evaluate whether ESA treatment for CIA affect progression-free survival (PFS) or

overall survival (OS) in patients receiving chemotherapy with curative intent for ovarian cancer.



MATERIALS & METHODS

❖ Inclusion criteria

▪ Retrospective case-control study using multi-institutional database from 2015 to 2019

▪ Patients who received cytoreductive surgery followed by chemotherapy with curative intent for

primary ovarian cancer

▪ Age younger than 80 years and older than 18 years

▪ All patients were to have adequate hematologic, renal, hepatic function, and performance status

(ECOG performance status of 2 or lower)

▪ Patients with more than 6 months of follow-up length



MATERIALS & METHODS

❖ Exclusion criteria

▪ Patients with anemia resulting from factors other than cancer (untreated iron, folate, or vitamin

B12 deficiency)

▪ Patients with previous chemotherapy or radiotherapy for other known primary malignancies,

unstable or uncontrolled concomitant disease, and previous ESA therapy



MATERIALS & METHODS

❖ Duration of ESA treatment

▪ In Korea, ESAs are covered by national health insurance system when Hb level of the patients with

solid cancer has declined to 10 g/dL, until reached 12 g/dL.

▪ Therefore, ESA use during the study period was initiated when Hb values fell below 10 g/dL at the

discretion of the treating physician.

▪ Patients received either weekly epoetin alfa (40,000 IU dosing) or darbepoetin alfa (2.25 mcg/kg

dosing) or triweekly darbepoetin alfa (6.75 mcg/kg dosing) were analyzed together as ‘‘ESA group.’’



MATERIALS & METHODS

❖ Endpoints

▪ Primary objectives: progression free survival (PFS), overall survival (OS)

▪ Secondary objectives: transfusion rate, incidence of thromboembolic events

❖ Statistical analysis

▪ PFS and OS are evaluated using the Kaplan–Meier method and compared using the log-rank test.

▪ The Cox hazards model was used to estimate the treatment effect.

▪ The logistic regression analysis was used to identify predictors for thromboembolism.



RESULTS Inclusion of participants

Surgery + Chemotherapy for OC from 
7 tertiary centers between 2015-2019

(n = 2018)

Dataset
(n = 1960)

Excluded (n = 58)
▪ Did not receive chemotherapy
▪ Age younger than 18 years
▪ ECOG performance status of 3
▪ Patients with < 6 months of follow-up

No ESA
(n = 1527)

ESA group
(n = 433)



Variables
Total

(N = 2,018)

No ESA

(N = 1,546)

ESA

(N = 445)
P

Age, years, median (range) 53.8 (18–80) 53.0 (18–80) 57.0 (23–80) <0.001‡

BMI, kg/m2, median (range) 22.6 (13.5–44.6) 22.6 (13.5–44.6) 22.9 (13.8–36.7) 0.154‡

ECOG, n (%)

0 640 (32.2) 538 (34.8) 102 (23.2) <0.001†

1 1312 (66.1) 983 (63.6) 329 (74.9)

2 26 (1.3) 19 (1.2) 7 (1.6)

CCI (categorical)

0, n (%) 1340 (66.4) 1071 (68.1) 269 (60.4) 0.002†

1, n (%) 351 (17.4) 250 (15.9) 101 (22.7)

≥ 2, n (%) 327 (16.2) 252 (16.0) 75 (16.9)

Tobacco use, n (%)

Never 1981 (98.2) 1541 (98.0) 440 (98.9) 0.206†

Current or previous 37 (1.8) 32 (2.0) 5 (1.1)

Hypertension, n (%) 297 (21.6) 208 (18.8) 89 (33.1) <0.001†

Histologic type, n (%)

Serous 1397 (69.3) 1053 (66.9) 344 (77.3) <0.001†

Mucinous 121 (6.0) 106 (6.7) 15 (3.4)

Endometrioid 122 (6.0)) 101 (6.4) 21 (4.7)

Clear cell 252 (12.5) 208 (13.2) 44 (9.9)

Others 126 (6.2) 105 (6.7) 21 (4.7)

BRCA mutation, n (%) 350 (17.3) 277 (17.6) 73 (16.4) 0.470†

Serum CA 125, U/mL, median (range) 385.0 (2.0–64777.0) 359.0 (3.0–64777.0) 553.3 (2.0–37000.0) 0.001‡

FIGO stage, n (%)

I/II 658 (32.8) 576 (36.8) 82 (18.4) <0.001†

III/IV 1351 (67.2) 988 (63.2) 363 (81.6)

Postoperative gross residual disease, n (%) 520 (25.8) 376 (23.9) 144 (32.4) <0.001†

RESULTS Baseline characteristics



Variables
Total

(N = 2,018)

No ESA

(N = 1,546)

ESA

(N = 445)
P

Chemotherapy regimen, n (%)

Taxane/Platinum 1963 (97.2) 1528 (98.1) 435 (97.7) 0.801

Platinum alone 4 (0.2) 3 (0.2) 1 (0.2)

Bleomycin/etoposide/cisplatin 34 (1.7) 27 (1.7) 7 (1.7)

Others 17 (0.8) 15 (1.0) 2 (0.4)

Number of chemotherapy cycles, median (range) 6 (1–15) 6 (1–15) 6 (1–15) <0.001‡

Use of bevacizumab maintenance 193 (9.6) 149 (9.6) 44 (9.9) 0.796†

Use of PARP inhibitor maintenance 16 (0.8) 1 (0.2) 15 (1.0) 0.492

Type of ESA, n (%)

Weekly epoetin alfa (40,000 IU dosing) 8 (1.8)

Weekly darbepoetin alfa (2.25 mcg/kg dosing) 30 (6.7)

Triweekly darbepoetin alfa (6.75 mcg/kg dosing) 407 (91.5)

Transfusion, n (%) 409 (20.4) 235 (15.1) 174 (39.2) <0.001†

Thromboembolism, n (%) 120 (5.9) 76 (4.8) 44 (9.9) <0.001†

RESULTS Chemotherapy and ESA Regimens Used



RESULTS PFS and OS

P<0.001 P<0.001

No-ESA

ESA

No-ESA

ESA



PFS OS

Variables Univariable Multivariable Univariable Multivariable

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Age, years 1.020 (1.019–1.031) <0.001 1.000 (0.994–1.007) 0.990 1.035 (1.026–1.044) <0.001 1.013 (1.000–1.026) 0.043

BMI, kg/m2 0.998 (0.980–1.015) 0.781 1.015 (0.988–1.042) 0.286

ECOG, n (%)

0 ref <0.001 ref <0.001 ref <0.001 ref <0.001

1 1.296 (1.132–1.485) 1.185 (1.024–1.372) 2.037 (1.603–2.590) 1.820 (1.302–2.543)

2 4.728 (2.857–7.826) 4.029 (2.373–6.841) 21.588 (13.465–34.612) 175.909 (66.194–462.170)

CCI (categorical)

0, n (%) ref <0.001 ref 0.294 ref <0.001 ref 0.316

1, n (%) 1.419 (1.216–1.657) 1.130 (0.959–1.331) 1.301 (1.024–1.654) 0.862 (0.619–1.200)

≥ 2, n (%) 1.360 (1.156–1.600) 1.087 (0.915–1.291) 1.618 (1.289–2.032) 1.159 (0.847–1.584)

Histologic type

Serous ref <0.001 ref 0.056 ref <0.001 ref <0.001

Mucinous 1.159 (0.897–1.498) 0.741 (0.503–1.093) 0.629 (0.405–0.977) 2.585 (1.197–5.582)

Endometrioid 2.396 (2.083–2.757) 0.569 (0.374–0.866) 0.240 (0.124–0.465) 0.246 (0.034–1.771)

Clear cell 0.725 (0.536–0.981) 1.126 (0.865–1.465) 0.631 (0.459–0.869) 2.051 (1.197–5.582)

BRCA mutation 1.019 (0.872–1.191) 0.812 0.675 (0.517–0.883) 0.004 0.600 (0.453–0.795) <0.001

FIGO stage

I/II ref ref <0.001 ref ref

III/IV 6.614 (5.434–8.049) <0.001 4.886 (3.880–6.152) 6.235 (4.491–8.657) <0.001 4.609 (2.679–7.928) <0.001

Serum CA 125, U/mL 1.000 (1.000–1.000) <0.001 1.000 (1.000–1.000) 0.019 1.000 (1.000–1.000) <0.001 1.000 (1.000–1.000) 0.604

Postoperative gross RD 3.121 (2.750–3.543) <0.001 1.753 (1.523–2.017) <0.001 3.751 (3.123–4.506) <0.001 2.296 (1.170–2.977) <0.001

Use of ESA 1.534 (1.337–1.758) <0.001 1.094 (0.949–1.260) 0.216 1.770 (1.453–2.156) <0.001 1.183 (0.910–1.537) 0.209

RESULTS Cox regression for PFS and OS



Logistic regression for thromboembolism

Variables Univariable Multivariable

HR (95% CI) P HR (95% CI) P

Age at initial diagnosis, years 1.048 (1.029–1.067) <0.001 1.028 (0.994–1.064) 0.307

BMI, kg/m2 1.034 (0.985–1.086) 0.172

ECOG, n (%)

0 ref <0.001 ref 0.007

1 9.478 (4.143–21.687) 13.383 (3.101–57.760)

2 8.806 (1.689–45.914) 9.494 (0.520–173.458)

CCI (categorical)

0, n (%) ref <0.001 ref 0.805

1, n (%) 1.496 (0.911–2.456) 0.741 (0.302–1.814)

≥ 2, n (%) 2.722 (1.772–4.180) 0.907 (0.381–2.161)

Tobacco use, n (%)

Never ref 0.413 ref 0.387

Current or previous 0.435 (0.059–3.198) 0.287 (0.017–4.858)

Prior thromboembolic disease 597.574 (268.529–1329.814) <0.001 1808.299 (573.842–5698.333) <0.001

FIGO stage

I/II ref <0.001 ref 0.700

III/IV 2.522 (1.546–4.117) 1.190 (0.490–2.891)

Serum CA 125, U/mL 1.000 (1.000–1.000) 0.008 1.000 (1.000–1.000) 0.893

Postoperative gross residual disease 2.013 (1.377–2.942) <0.001 0.672 (0.314–1.441) 0.307

Use of ESA 2.161 (1.467–3.184) <0.001 10.421 (4.381–24.792) <0.001



CONCLUSIONS

❖ In this large retrospective multicenter cohort study, use of ESA during frontline chemotherapy did

not affect negatively on both PFS and OS in the patients with surgically treated primary ovarian

cancer after controlling known prognostic factors.

❖ The use of ESA was associated with an increased risk of thromboembolism in this population.

❖ Therefore, considering no correlation of ESAs use with survival, it can be considered first if

transfusion is not available and there are no risk factors for thromboembolism.

❖ These findings should be confirmed further with RCTs targeting this population.
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