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Abstract

Objective: We sought to describe single-institution practice 
patterns and outcomes of next-line therapy for patients with 
recurrent endometrial cancer who have reached the lifetime 
cumulative dose of doxorubicin.   

Methods: A retrospective, single-institution review of endo-
metrial cancer patients treated with doxorubicin for recurrent 
disease from 2014-2022 was performed. Demographics, clini-
copathologic factors, and outcomes were recorded. Descrip-
tive statistics were performed to describe treatment patterns 
and cancer-related outcomes.   

Results: A total of 27 patients with recurrent endometrial 
cancer were treated with doxorubicin. The Objective Response 
Rate (ORR) was 41% and the Clinical Benefit Rate (CBR) was 
52%. 12 patients died or transitioned to hospice while actively 
receiving doxorubicin. 5 patients progressed on doxorubicin and 
went on to receive additional treatments. Lifetime cumulative 
dose (550 mg/m2) of doxorubicin was reached in 8 patients. Of 
those, 3 were transitioned to Pegylated Liposomal Doxorubicin 
(PLD), 2 were transitioned to alternate treatment lines, and 3 
underwent treatment holiday. Those patients transitioned to 
PLD received a median of 6 cycles, with a median Progression-
Free Survival (PFS) of 5 months (range 4-15 months), and one 
patient had a complete response. No patients receiving PLD af-
ter doxorubicin had grade 3 or higher toxicity. Of the patients 
that received alternative treatment or holiday, outcomes were 
variable with median PFS 11 months (range 3-53 months). 

Conclusion: For patients with recurrent endometrial cancer 
who receive the lifetime cumulative dose of doxorubicin and 
are having clinical benefit, both transition to PLD and treat-
ment holiday are reasonable treatment options. 

Keywords: Endometrial cancer; Doxorubicin; 
Pegylated-liposomal doxorubicin.
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Introduction

Endometrial Cancer (EC) is the most common gynecologic 
malignancy in the United States, with an estimated 69,120 cas-
es projected for the year 2025 [1]. Surgery is the mainstay of 
treatment and may be curative for those patients with low-risk, 
early-stage disease. However, those with high-risk clinicopatho-
logic and molecular features or advanced-stage disease are at 
higher risk of recurrence [2]. Mortality has continued to rise 
over the last decade, and those patients with advanced-stage 
or recurrent disease have poor estimated 5-year overall survival 
rate of less than 20% [1].  

The treatment landscape of endometrial cancer is rapidly 
evolving. Platinum-based chemotherapy has long been estab-
lished as the recommended first-line therapy for endometrial 
cancer, however unprecedented improvement in oncologic out-
comes have been seen when immunotherapy is added in the 
frontline setting [3]. For those with progression on prior thera-
py, the FDA has approved immunotherapy alone for mismatch 
repair deficient (MMRd) tumors, or in combination with lenva-
tinib (MMR proficient tumors) [3, 4]. Hormonal therapy may be 
considered, especially for patients with low-grade, hormonally 
sensitive tumors []. Additionally, antibody-drug conjugates tar-
geting HER2 have shown promising response rates in recurrent 
endometrial cancer [6]. However, for those who progress de-
spite these advances, treatment is limited to cytotoxic chemo-
therapy, especially for those who have limited access or are in-
eligible for clinical trials.  

Doxorubicin is an anthracycline derived from Streptomyces 
peucetius that has shown activity in metastatic endometrial 
cancer [7-9]. Its use has been limited to the recurrent setting 
since carboplatin and paclitaxel demonstrated non-inferiority 
and a more favorable toxicity profile as compared to doxoru-
bicin/cisplatin/paclitaxel in Gynecologic Oncology Group (GOG) 
Study 209 [7]. Small, retrospective case series have argued that 
doxorubicin is only minimally active in the second-line treat-
ment of endometrial cancer [11-12]. Prospective, randomized 
data have reported an overall response rate (ORR) of approxi-
mately 25% to Doxorubicin [10]. Median Progression-Free Sur-
vival (PFS) and overall survival (OS) have been reported to be 3.8 
and 9.0-11.4 months, respectively, for patients with metastatic/
recurrent endometrial cancer undergoing treatment with doxo-
rubicin alone [10,11]. For those who respond, duration of treat-
ment is limited by the lifetime cumulative dose (550 mg/m2) 
given significant risk of cardiac toxicity (15%) once this thresh-
old has been reached, namely left ventricular dysfunction and 
heart failure [12]. The cumulative lifetime dose for those with 
pre-existing cardiac risk factors including hypertension, diabe-
tes, and obesity is lower (450 mg/m2) given increased risk for 
treatment-related cardiac events [12]. After approximately 7-8 
cycles of doxorubicin, a decision must be made for transition to 
alternative therapy versus treatment holiday. Currently, there is 
little data regarding best practice following achievement of life-
time cumulative dose of doxorubicin in patients with recurrent 
EC and whether transition to Pegylated Liposomal Doxorubicin 
(PLD) would be associated with continued clinical benefit. PLD 
has a longer half-life and slower plasma clearance than doxo-
rubicin, and these alterations in pharmacokinetics and tissue 
distribution significantly reduce the risk of cardiotoxicity while 
maintaining antitumor effect [13]. We aim to report on our ex-
perience regarding the feasibility of this approach, as patients 
with recurrent EC who have reached the lifetime cumulative 
dose of doxorubicin encompass a unique population, often with 

limited data-supported treatment options. 

The objective of this observational study was to describe the 
treatment strategies and oncologic outcomes for patients re-
ceiving doxorubicin for recurrent endometrial cancer at a single 
comprehensive cancer center.   

Methods  

The Institutional Review Board and the Comprehensive Can-
cer Center Clinical Scientific Review Committee at The Ohio 
State University approved this study (IRB No. 2023C0164). A 
retrospective review was performed of all patients who were 
treated with doxorubicin for recurrent endometrial cancer be-
tween January 1, 2014, and December 31, 2022. Patients with a 
diagnosis of sarcoma were excluded.   

Patient demographics and clinicopathologic factors including 
age, BMI, stage at diagnosis, histology/grade, adjuvant treat-
ment, and molecular immunohistochemical information (where 
appropriate) were abstracted from medical records. Treatment 
information related to doxorubicin was abstracted from patient 
charts as reported/documented by the treating physician, in-
cluding number of cycles, grade/number of toxicities experi-
enced, dose reduction/delay/discontinuation, and cumulative 
lifetime dose achievement. Oncologic outcomes including best 
response to treatment, survival, and subsequent treatment 
lines were also recorded. PFS was defined as the time from start 
of doxorubicin until documented recurrence or death; patients 
who did not recur were censored at their last physician encoun-
ter.  

Demographics, clinicopathologic factors, and treatment out-
comes were analyzed for the study cohort. Descriptive analysis 
was performed. Statistical analysis was performed using JMP 
software version 17 (SAS Institute Inc., Cary, NC, 1989-2023).

Results

Twenty-seven eligible patients with recurrent EC treated 
with doxorubicin were included in the analysis. Demographic 
and clinicopathologic characteristics of the cohort are listed in 
Table 1. The median age of the cohort was 61 years (range 42-
71), and most patients identified as white (n=26, 96%). Endome-
trioid (n=11, 40.7%), carcinosarcoma (n= 9, 33.3%), and serous 
(n=3, 11.1%) histologies were the most common. Twenty-four 
(89%) patients underwent surgery at time of diagnosis and 
were treated with adjuvant chemotherapy for high-risk disease. 
The median number of systemic therapy lines prior to doxoru-
bicin treatment was 1 (range 1-3). ORR to doxorubicin was 41% 
(n=1 CR, n=10 PR) (Table 2). The Clinical Benefit Rate (CBR) was 
52% (n=14). Twelve patients died/transitioned to hospice while 
actively receiving doxorubicin therapy (n=2 had stable disease 
at the time of discontinuation, n=2 had Partial Response (PR), 
n=4 had imaging evidence of disease progression, while n=4 did 
not have an evaluable response). Seven patients progressed on 
doxorubicin and went on to receive additional treatment: be-
vacizumab (n=1), everolimus/letrozole (n=2), paclitaxel (n=1), 
PLD/bevacizumab (n=1) carboplatin/paclitaxel (n=1), and clini-
cal trial (n=1); three of these patients also received radiation 
therapy.  

Most patients (93%) experienced toxicity while receiving 
doxorubicin. Nine (33%) patients experienced a documented 
grade 3 or greater toxicity, the most common of which were 
gastrointestinal (44%) and hematologic (33%). Dose delay/re-
duction occurred for 9(33%) patients due to treatment toxic-
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ity. Additionally, grade 5 toxicity was observed in 2(7%) patients 
(respiratory failure, neutropenic fever).  

The maximum lifetime dose of doxorubicin was achieved for 
8(30%) patients (Table 3). Of those, 3 were transitioned to PLD, 
2 were transitioned to alternative treatment (1 gemcitabine/
cisplatin, 1 clinical trial), and 3 underwent treatment holiday. 
The patients that were transitioned to PLD received a median of 
6 cycles (range 6-16) and the median PFS was 5 months (range 
4-15 months). One patient also received concurrent Stereotac-
tic Body Radiation Therapy (SBRT) to a lung nodule and achieved 
a durable Complete Response (CR). She received a total of 16 
cycles of PLD, which was ultimately discontinued when CR was 
achieved. She is alive without evidence of disease for now 30 
months after transition from doxorubicin to PLD. No patients 
receiving PLD after doxorubicin experienced toxicity of grade 3 
or higher, and no patients required dose reduction or delay for 
toxicity. Importantly, no cardiac toxicity was observed.  

For those patients who transitioned to alternative treatment 
or holiday, outcomes were variable. One patient that  transi-
tioned to gemcitabine and cisplatin progressed after 3 cycles 
of treatment. One patient that transitioned to clinical trial dis-
continued after 3 months due to toxicity, though had a PFS of 
22 months. Of the patients that went on treatment holiday, one 
had CR and two had PR to doxorubicin. The patient with CR died 
of other disease 53 months after discontinuation of treatment. 
The other two patients had a PFS of 11 and 15 months.  

Table 1: Patient demographics and clinicopathologic data.

Patient factor Median Range

Age 61 [42-71]

BMI 31 [20.1-56.8]

  N = 27 %

Race 

African American / Black 1 3.7

Other 0 0

White 26 96.3

Surgical management 

Yes 24 88.9

No 3 11.1

Histology 

Carcinosarcoma 9 33.3

Clear cell 1 3.7

Dedifferentiated/undifferentiated 2 7.4

Endometrioid 11 40.7

Mixed 1 3.7

Serous 3 11.1

Grade 3 21 77.8

2 5 18.5

1 1 3.7

Stage 

Early 4 14.8

Advanced 23 85.2

NACT 4 7.4

Adjuvant therapy 

Chemotherapy 8 29.6

Chemotherapy + RT 16 59.3

Chemotherapy + IO 2 7.4

IO + RT 1 3.7

Number of lines of therapy prior to Doxorubicin 

Mean (SD) 1.63

Median [range] 1 [1-2]

Table 2: Treatment outcomes and adverse effects of patients 
receiving doxorubicin.

Outcome associated w/ Adriamycin n(%)

ORR 11(40.74)

CBR 14(51.85)

G3-5 toxicity 8(29.63)

Dose reduction/discontinuation 10(37.04)

Lifetime dose reached 8(29.63)

Table 3: Treatment outcomes for patients who achieved maximum dose of doxorubicin.

Patient
Response to 
Doxorubicin

Number of 
Cycles

Next Line Therapy
Number of 

Cycles
PFS* Notable Side Effects

1 PR 8 Treatment holiday 15

2 PR 8 Treatment holiday 11

3 CR 8 Treatment holiday 53

4 SD 7 Other (gemcitabine/cisplatin) 3 8
diarrhea (G1), fatigue (G1), dyspnea (G2) nausea (G1),  
constipation (G1), anemia (G1)

5 PR 9 Other (clinical trial) 3 10
Mucositis (G1), maculo-papular rash (G1), decreased  
performance status (G3), diarrhea (G1), nausea (G1)

6 PR 6 PLD 6 10 nausea (G1), dyspnea (G1), diarrhea (G1), anemia (G1)

7 PR 9 PLD 6 12 PPE (G1), mucositis (G1), anorexia (G1)

8 PR 7 PLD 16 20 rash (G1), neutropenia (G2), mucositis (G1)
*PFS defined as time from start date of DOXORUBICIN, until progressive disease or death of any cause.

 Discussion 

Doxorubicin is a moderately active regimen for metastatic/
recurrent EC, often utilized after the exhaustion of other more 
effective and less toxic treatment options (platinum-based che-
motherapy, immunotherapy, other targeted therapies and/
or clinical trials) [9-11]. While pretreated patients experience 
reasonable response rates (25%) to doxorubicin, the duration 

of treatment can be limited by the increased risk of cardiac tox-
icity once the maximum lifetime dose has been achieved [10-
12]. In our experience, doxorubicin is often utilized later in the 
treatment paradigm, and data for subsequent treatment are 
limited once the 550 mg/m2 threshold has been reached. At 
this juncture, some providers opt to transition to PLD under the 
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premise of similar mechanism for disease control at decreased 
toxicity risk related to the pharmacokinetics of the drug [13]. 
Alternatively, others transition to alternative treatment vs treat-
ment holiday, although there is a paucity of data to describe 
any of these approaches. Here, we demonstrate in a small case 
series that transition to PLD following doxorubicin is safe and 
feasible, with a median of 6 cycles given prior to discontinuation 
for disease progression. No patients receiving PLD after lifetime 
dose of doxorubicin experienced dose delay or discontinuation 
for toxicity. Thus, this may be a reasonable option for some pa-
tients. Treatment holiday remains another reasonable alterna-
tive especially for those patients with PR/CR to doxorubicin.   

Patients tolerated PLD well, with limited toxicity, similar to 
those previously reported [14]. Patients in this study experi-
enced grade 1 nausea, dyspnea, diarrhea, anemia, rash, PPE, 
mucositis, and anorexia. One patient underwent PLD dose re-
duction secondary to neutropenia. No patients in this study on 
PLD experienced grade 3 or 4 toxicity. Oncologic outcomes for 
this small cohort of patients were favorable, including a durable 
complete response.   

The most worrisome potential side effect of PLD is cardiac 
toxicity, especially for patients who have previously received 
doxorubicin. Previous studies have shown that patients receiv-
ing prolonged course of PLD do not experience clinically sig-
nificant cardiac toxicity [14, 15]. Yost et al described toxicity 
profiles of 18 who received from 10-31 cycles of PLD. No pa-
tients exhibited signs or symptoms of cardiac disease, and only 
2 patients had a decrease in left ventricular ejection fraction by 
10-16% [14]. The patients in this study received an average of 
6 cycles of PLD, with no patients experiencing cardiac toxicity. 

There were only two patients who went on to receive alter-
native therapy (one cytotoxic chemotherapy, one clinical trial), 
and response/survival were variable. There were 3 patients 
who transitioned to treatment holiday after PR/CR to doxorubi-
cin. Interestingly, response and survival outcomes were similar 
to those transitioned to PLD. One patient on treatment holiday 
never recurred but died of other cause 53 months after treat-
ment. The two patients with PR on doxorubicin that then un-
derwent treatment holiday had PFS between 11-15 months. Of 
course, disease biology likely plays a role in the response and 
survival seen in those patients transitioned to PLD or treatment 
holiday, as this is the population that had either PR or CR to 
initial treatment with doxorubicin. But our data suggests that 
transition to PLD or treatment holiday are both very reasonable 
options for the pretreated EC patient following achievement of 
lifetime cumulative dose of doxorubicin. One must consider the 
cumulative toxicities of chemotherapy and the values of the pa-
tient with regard to this decision.  

There are several limitations associated with this study, in-
cluding those associated with any retrospective study. There is 
potential for biases due to difficulties retrieving complete and 
accurate information relating to specific treatment plans, re-
sponse to therapy, and grading/severity of toxicities. This study 
is also limited by the small sample size and that the majority 
of the patients were treated prior to widespread use of immu-
notherapy. Of this group, only 8 patients achieved cumulative 
lifetime dose. This small sample size makes it difficult to draw 
definitive conclusions. However, given the rarity of this event, 
reporting the experience is valuable.  

There have been several advancements in EC treatment over 
the last few years. With improvements in oncologic outcomes 

seen with the introduction of immunotherapy and ADCs into 
the management of recurrent endometrial cancer, the utiliza-
tion of doxorubicin and PLD will likely become more limited. 
However, for those heavily pretreated patients who do not re-
spond to or are ineligible for other treatments, doxorubicin and 
PLD may be appropriate treatment options. This data, though 
limited, adds to the previous literature showing safety of transi-
tioning to PLD and/or treatment holiday after receiving lifetime 
cumulative dose of doxorubicin. 

Conclusion  

Doxorubicin is a reasonable option for recurrent endometrial 
cancer for patients who progress on other treatment. For pa-
tients who receive maximum doses of doxorubicin, transition 
to pegylated liposomal doxorubicin should be considered in ap-
propriate patients.   
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