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Abstract. The present review aimed to assess the safety and 
efficacy of thalidomide and lenalidomide, two immunomodu-
latory drugs with anti‑angiogenic properties, in women with 
recurrent ovarian, fallopian tube, and primary peritoneal 
cancer. A systematic review of the literature was conducted 
whereby Medline and the Cochrane Central Register of 
Controlled Trials were searched using terms associated with 
thalidomide, lenalidomide, and recurrent ovarian, fallopian 
tube and primary peritoneal cancer. Published English 
language case reports, trials and studies that described the 
safety and efficacy of thalidomide or lenalidomide alone, 
or in combination with other drugs were reviewed. A total 
of 16  clinical studies involving 394  patients treated with 
thalidomide (n=188), lenalidomide (n=77) and 129 controls 
were identified, including five case reports (n=6), three case 
series (n=45), two phase I trials (n=27), four phase II trials 
(n=109), and two randomized phase III trials (n=207). In a 
pooled analysis of thalidomide investigated as a single drug, 
the overall clinical benefit rate was 43% (43/99) with a mean 
time to progression of 5.6 months. The response rate (complete 
response + partial response) was 25%. In a phase III trial, 
the combination of thalidomide and topotecan significantly 
increased the overall response rate compared with topotecan 
alone [14/30 (47%) vs. 8/39 (21%)]. In another phase III trial 
involving women with asymptomatic biochemical recurrence, 
compared with tamoxifen, thalidomide was not more effective. 
Lenalidomide was investigated in three phase I trials and in 
one phase II trial with an overall clinical benefit rate of 52% 
(34/65), and a mean time to progression of 4.6 months. The 
response rate (complete response + partial response) was  6%. 
Systemic toxicity of both drugs was noted in >77% of patients 
with pneumonitis/pneumonia, fatigue, neuropathy and venous 

thromboembolism reported as the most common side effects. 
Thalidomide and lenalidomide are moderately active in recur-
rent ovarian cancer. Thalidomide possesses synergistic effects 
with topotecan. The toxicity of both drugs is considerable and 
there is a greater amount of data available for thalidomide 
compared to lenalidomide.

Introduction

Women with ovarian cancer usually present at an advanced 
stage with FIGO stage III and IV disease in >75% of cases (1). 
Therefore, the prognosis of ovarian cancer is poor with high 
recurrence rates between 60 and 85% within five years despite 
aggressive multimodality treatment with cytoreductive surgery 
and adjuvant cytotoxic chemotherapy (2). In order to improve 
the prognosis of women with ovarian cancer, alternative 
therapy modalities have been explored, among them a variety 
of anti‑angiogenic drugs such as bevacizumab, pazopanib, 
and nintedanib (3). Specifically, bevacizumab, a monoclonal 
humanized antibody against the vascular endothelial growth 
factor (VEGF), has been shown to significantly prolong 
recurrence‑free and progression‑free survival after first‑line 
therapy (4,5) and in women with platinum‑sensitive (6) and 
platinum‑resistant recurrence (7). To date, no effect on overall 
survival was ascertained. Based on the results of randomized 
clinical trials (4‑7), adding bevazicumab to standard systemic 
chemotherapy has become the standard of care in the adjuvant 
and recurrent situations.

Another anti‑angiogenic agent, pazopanib, an oral, tyro-
sine kinase inhibitor of the VEGF receptors 1, 2 and 3, the 
platelet‑derived growth factor receptor (PDGFR), and c‑Kit, 
has been tested as a maintenance treatment after initial 
surgery and adjuvant chemotherapy. In a large randomized 
trial, maintenance therapy with pazopanib 800 mg once per 
day or placebo for up to 24 months, significantly prolonged 
the duration of progression‑free survival (PFS) from a median 
of 12.3 to 17.9 months. Overall survival was not improved (8). 
Besides bevacizumab and pazopanib, a third anti‑angiogenic 
drug, nintedanib, has been demonstrated to improve PFS in 
ovarian cancer patients. Nintedanib is an oral triple angiokinase 
inhibitor of the VEGF‑ and PDGF‑receptors and the fibroblast 
growth factor receptor (FGFR). In a randomized phase III trial, 
maintenance treatment with 200 mg of nintedanib twice daily 
on days 2 to 21 of every 3 week cycle for up to 120 weeks was 
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tested against placebo. Median PFS was significantly longer 
in the nintedanib group, although the absolute difference was 
small (17.2 vs. 16.6 months) (9). Taken together, these trials 
demonstrate that blocking tumor angiogenesis at various levels 
is a successful strategy to delay disease progression in ovarian 
cancer. Therefore, it is reasonable to investigate additional 
anti‑angiogenic drugs in this patient population.

Thalidomide and lenalidomide are such drugs, because they 
are immunomodulatory agents with strong anti‑angiogenic 
properties. Thalidomide inhibits the processing of mRNA 
encoding different peptide molecules such as tumor necrosis 
factor‑α (TNF‑α) and VEGF (10). In addition, thalidomide 
modulates intracellular signaling pathways via the mediation of 
VEGF, phosphoinositide‑kinase/protein kinase B and nuclear 
factor‑κB (NF‑κB), and the mammalian target of rapamycin 
(mTOR), which integrates these signaling systems (11). In 
pre‑clinical studies, thalidomide has been shown to suppress 
malignant cell proliferation and angiogenesis as well as inva-
sion and metastasis (12).

Historically, thalidomide was developed as a drug for the 
treatment of morning sickness in pregnant women (13). After 
its teratogenic effects leading to limb defects became apparent 
in the early sixties of the 20th century (14), thalidomide was 
retracted worldwide from the market. However, the drug has 
made a remarkable comeback in the last decade as a highly 
effective agent for leprosy, multiple myeloma, and Crohn's 
disease (15).

For example, thalidomide is being used effectively in the treat-
ment of inflammatory bowel diseases refractory to first‑line and 
second‑line treatments. In a recent systematic literature review, 
Bramuzzo et al identified 2 randomized controlled trials and 29 
uncontrolled trials with a total of 489 patients (16). Thalidomide 
induced a clinical response in 296/427 (69%) patients. Clinical 
remission was achieved in 220/427 (51%) cases. Maintenance of 
remission was reported in 128/160 (80%) patients at 6 months 
and in 96/133 (72%) at 12 months. Reduction in steroid dosage, 
clinical improvement of fistulas, and endoscopic improvement 
were also reported. Neurological disturbances in 341/530 (64%) 
patients accounted for most adverse events and were the most 
frequent cause of drug withdrawal.

Regarding the use of thalidomide as an antitumor drug, a 
number of malignant diseases have been investigated, among 
them glioblastoma  (17), hepatocellular carcinoma (18), and 
multiple myeloma  (19). For example, in a meta‑analysis 
of randomized trials, Gao et al summarized the results of 
22 randomized trials with 9,098 multiple myeloma patients (19). 
Induction therapy with thalidomide significantly improved the 
overall response rate, progression‑free survival, and overall 
survival in patients who were not allowed to receive autologous 
stem cell transplantation. Among patients who were allowed to 
receive autologous stem cell transplantation, induction treatment 
with thalidomide significantly improved the overall response 
rate and progression‑free survival, but not overall survival. The 
most notable side effect of thalidomide in these trials was an 
increased rate of venous thromboembolism (VTE).

Lenalidomide has immunomodulatory and anti‑angiogenic 
effects. For example, it modulates the substrate specificity of 
the CRL4 (CRBN) E3 ubiquitin ligase complex (20). Polyu-
biquitination and subsequent proteasomal degradation of 
IKZF1 and IKZF3 in multiple myeloma and CK1α in del (5q) 

myelodysplastic syndrome has been described as the basis of 
the therapeutic efficacy of lenalidomide. Harnessing ubiquitin 
ligase substrate specificity facilitates the degradation of other 
‘undruggable’ proteins and thus allows for the separation 
of detrimental side effects of IMiD compounds from those 
associated with therapeutic efficacy (20,21). Lenalidomide 
(Revlimid®) has been approved by the FDA for previously 
treated multiple myeloma in combination with dexametha-
sone.

Based on the well‑known fact that anti‑angiogenesis is effec-
tively delaying disease progression in ovarian cancer patients, 
the compassionate use of thalidomide has been reported 
in heavily pre‑treated patients with ovarian cancer recur-
rence (22‑24). These case reports indicated that thalidomide 
may be active in ovarian cancer. In order to further highlight 
the safety and efficacy of thalidomide and lenalidomide in 
patients with recurrent ovarian, fallopian tube, and primary 
peritoneal cancer, we performed a systematic literature review 
of retrospective and prospective clinical trials evaluating the 
efficacy and safety of these two anti‑angiogenic agents.

Materials and methods

A systematic review of the literature was conducted to identify 
studies with thalidomide and lenalidomide in women with 
recurrent ovarian, fallopian tube, or primary peritoneal cancer. 
The databases Medline and the Cochrane Central Register of 
Controlled Trials were searched for published English language 
case reports, clinical trials and other studies that described the 
safety and efficacy of thalidomide or lenalidomide alone or in 
combination with other drugs, using the search terms ‘thalido-
mide’ [MeSH Terms] OR ‘thalidomide’ [All Fields]) AND 
(‘ovarian neoplasms’ [MeSH Terms] OR (‘ovarian’ [All Fields] 
AND ‘neoplasms’ [All Fields] ) OR ‘ovarian neoplasms’ [All 
Fields] OR (‘ovarian’ [All Fields] AND ‘cancer’ [All Fields]) 
OR ‘ovarian cancer’ [All Fields]). In a second step, we used 
the search terms ‘lenalidomide’ [Supplementary Concept] OR 
‘lenalidomide’ [All Fields]) AND (‘ovarian neoplasms’ [MeSH 
Terms] OR (‘ovarian’ [All Fields] AND ‘neoplasms’ [All Fields]) 
OR ‘ovarian neoplasms’ [All Fields] OR (‘ovarian’ [All Fields] 
AND ‘cancer’ [All Fields]) OR ‘ovarian cancer’ [All Fields]).

Abstracts were screened for the following eligibility 
criteria: Studies describing at least one woman with recur-
rent ovarian, fallopian tube or primary peritoneal cancer 
treated with thalidomide or lenalidomide with description 
of the safety and/or efficacy and/or side effects of this treat-
ment. Duplicate publications were excluded. No size or 
design restrictions were applied, ie case reports, case series, 
retrospective and prospective cohort studies, case control 
studies, and randomized controlled trials were allowed. 
Relevant full text articles were retrieved and analyzed for 
outcomes related to the goal of this review‑to assess the 
safety, efficacy, and side effects of thalidomide and lenalido-
mide in women with recurrent ovarian, fallopian tube or 
primary peritoneal cancer.

Results

In a systematic literature search of the databases PubMed 
and Cochrane Central Register of Controlled Trials (search 
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date 01‑11‑2016) using the search terms ‘thalidomide’ [MeSH 
Terms] OR ‘thalidomide’ [All Fields]) AND (‘ovarian 
neoplasms’ [MeSH Terms] OR (‘ovarian’ [All Fields] 
AND ‘neoplasms’ [All Fields]) OR ‘ovarian neoplasms’ 
[All Fields] OR (‘ovarian’ [All Fields] AND ‘cancer’ [All 
Fields]) OR ‘ovarian cancer’ [All Fields]), we identified 
32 studies (15,22‑52). In a second step, we used the search 
terms ‘lenalidomide’ [Supplementary Concept] OR ‘lenalido-
mide’ [All Fields]) AND (‘ovarian neoplasms’ [MeSH Terms] 
OR (‘ovarian’ [All Fields] AND ‘neoplasms’ [All Fields]) OR 
‘ovarian neoplasms’ [All Fields] OR (‘ovarian’ [All Fields] 
AND ‘cancer’ [All Fields]) OR ‘ovarian cancer’ [All Fields]) 
and identified 3 additional studies (53‑55). After screening all 
abstracts of these studies, we excluded 4 studies (51,53‑55) 
because they did not report on patients with ovarian cancer and 
one study (52) because the patients reported in this study were 
already published in another trial by the same authors (42). 
Further 7 citations comprised preclinical studies describing 
in vitro and in vivo data on the antitumor effects of thalido-
mide and lenalidomide (25‑31). Seven citations were review 
articles not containing individual patients data  (15,32‑37). 
Thus, in summary, we included 16 clinical studies describing 
394 patients treated with thalidomide (n=188), lenalidomide 
(n=77), and 129 controls. These studies included 5 case reports 
(n=6), 3 case series (n=45), 2 phase I trials (n=27), 4 phase II 

trials (n=109), and 2 randomized phase  III trials (n=207). 
Table I shows the study characteristics and results of the 5 case 
reports and 11 clinical trials in detail. Figure 1 shows a flow 
diagram of the literature search algorithm. In a pooled analysis 
of trials with thalidomide tested as a single drug, the overall 
response rate was 43% (43/99) with a mean time to progression 
of 5.6 months. Among these patients, complete response was 
observed in 11%, partial response in 13%, and stable disease in 
19%. The dosage of thalidomide used in these studies ranged 
from 100 to 1,200 mg/day. In one phase III trial, the combi-
nation of thalidomide and topotecan significantly increased 
the overall response rate compared to topotecan alone (14/30 
[47%] vs. 8/39 [21%]). In another phase III trial of women with 
biochemical ovarian cancer recurrence, thalidomide was not 
more effective than tamoxifen.

Lenalidomide was investigated in 3 phase I trials and in 
one phase II trial with an overall response rate of 52% (34/65) 
and a mean time to progression of 4.6 months. Among these 
patients, complete response was observed in 0%, partial 
response in 6%, and stable disease in 46%. The dosage of 
lenalidomide used in these studies ranged from 5 to 25 mg/day.

Systemic toxicity of both drugs was noted in up to 77% 
of patients with pneumonitis/pneumonia, fatigue, neutropenia, 
neuropathy, and VTE cited as the most common side effects. 
Table II shows the side effects of thalidomide observed in 
12 clinical trials with 317 patients in detail. Grade 3 or 4 
adverse events were noted in 61/132 (46%) of women with 
thalidomide as a single treatment. Specifically, the most 
often cited side effects of thalidomide were pulmonary 
problems/pneumonia/pneumonitis (4  studies), neuropathy 
(4  studies), VTE (3  studies), weakness/fatigue (3  studies), 
constipation (3 studies), and somnolence (3 studies). Table III 
shows the side effects of lenalidomide in 4 clinical trials with 
77 patients in detail. 43/65 (66%) patients with lenalidomide 
as a single treatment showed grade 3 adverse events and 7/65 
(11%) patients showed grade 4 adverse events. The most often 
cited side effects of lenalidomide were neutropenia (4 studies), 
VTE (2 studies), rash (2 studies), constipation (2 studies), and 
weakness (2 studies).

Experimental studies. Several experimental studies assessed 
the antitumor effects of thalidomide in ovarian cancer cell 
lines, ex vivo, and in vivo models. For example, Kobayashi et al 
examined whether thalidomide is able to suppress the expres-
sion of urokinase‑type plasminogen activator receptor (uPAR) 
mRNA and protein in the human ovarian cancer cell line 
HRA (28). They found that thalidomide had multiple syner-
gistic effects. Specifically, it suppressed the expression of 
uPAR mRNA and protein as well as the NF‑κB activation 
system, which is necessary for the transforming growth factor 
(TGF)‑β1‑induced increase in uPAR expression. Furthermore, 
the once‑daily intraperitoneal administration of thalidomide 
(400 µg/g body weight/day) decreased progressive growth of 
HRA tumors and ascites formation in an in vivo animal model. 
The once‑daily intraperitoneal administration of thalidomide 
in combination with paclitaxel significantly decreased the 
growth of HRA cells in a synergistic fashion. These data 
suggest that thalidomide downregulates constitutive and 
TGF‑β1‑stimulated uPAR mRNA and protein expression via 
the suppression of NF‑κB and may have synergistic effects 

Figure 1. Flow diagram of the literature search algorithm.

https://www.spandidos-publications.com/10.3892/ol.2017.6578
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with paclitaxel. Piura et al assessed the effect of thalidomide 
on the ovarian cancer cell secretome of SKOV‑3 cells (31). 
TNF‑α, interleukin (IL)‑6 and matrix metalloproteinase 
(MMP) secretion in epithelial ovarian cancer cells. In these 
experiments, thalidomide significantly decreased the secretion 
of TNF‑α, MMP‑9, and MMP‑2.

Bauer  et  al evaluated the antiangiogenic activity of 
interferon (IFN)‑α 2b and thalidomide. They used a murine 
dermis model in nude mice. The combination of IFN‑α 2b and 
thalidomide had synergistic effects in reducing angiogenesis 
and tumor activity in this model (27). In another murine xeno-
graft model, Li et al studied the effect of thalidomide alone or 
in combination with cytoxan on the growth and angiogenesis 
of human ovarian cancer cells transplanted subcutaneously 
into nude mice (29). Both thalidomide and the combination 
of thalidomide and cytoxan reduced the expression of VEGF 
mRNA and serum levels, tumor volume, microvessel density, 
and macroscopic tumor volumes.

Taken together, the experimental evidence strongly 
suggests that thalidomide is active in ovarian cancer through 
the downregulation of constitutive and TGF‑beta1‑stimulated 
uPAR expression via the suppression of NF‑κB. In addition, it 
affects the ovarian cancer cell secretome and reduces angio-
genesis, proliferation, and tumor growth.

Thalidomide trials. In the largest trial, sponsored by the Gyne-
cologic Oncology Group (GOG), Hurteau et al analyzed 138 
women with ovarian, fallopian tube or peritoneal cancer FIGO 
stages III and IV who were free of disease following first‑line 
chemotherapy and subsequently developed biochemical recur-
rence (46). Biochemical recurrence was defined as a rising 
CA‑125 exceeding twice the upper limit of normal without 
evidence of disease in imaging studies. Women were random-
ized to oral thalidomide 200 mg daily with escalation to a 
maximum of 400 mg or tamoxifen 20 mg orally twice daily for 
up to 1 year. Treatment was given until progression or limiting 

Table II. Clinical studies describing the toxicity of thalidomide in women with ovarian, fallopian tube or peritoneal cancer.

	 Number of	 Treatment	 Grade 3	 Grade 4	
Author	 cases (n)	 regimen	 events	 events	 (Refs.)

Eisen et al	 19	 T	 0	 0	 (40)
Jeyakumar et al	 1	 T+DOC, 	 0	 1 (Bowel	 (39)
		  GEM		  otbstruction)
Abramson et al	 10	 T	 0	 0	 (41)
Chan et al	 17	 T	 2 (VTE), 1 (CON), 		  (44)
			   1 (Confusion),
			   1 (Speech impairment)
Gordinier et al	 18	 T	 8 (Dyspnea), 2 (CON), 	 0	 (42)
			   2 (Sedation)
Kanwar et al	 1	 CRS, CHXT, 	 3 (Neurological)	 0	 (22)
		  T, IMA
Buttin and Moore	 1	 T+TOP	 1 (IP)	 0	 (24)
Downs et al	 69	 T+TOP (30) 	 28 (Neutropenia), 		  (45)
		  vs. TOP (39)	 6 (Thrombocytopenia),		
			   4 (Anemia), 4 (Neurologic),		
			   3 Pulmonary, 2 (Infection), 		
			   2 (Constitutional), 1 (VTE),
			   1 (Dermatology), 1 (Ocular),
			   1 (Gastrointestinal)
Phippen and Leath	 2	 T+TOP	 2 (Fatigue)	 0	 (23)
Hurteau et al	 138	 T (68) vs.	 8 (Constitutional), 7 (Somnolence), 	 2 (VTE), 	 (46)
		  TAM (70)	 7 (Neurologic), 6 (Pulmonary),	 1 (Somnolence)
			   5 (Dermatologic), 3 (Pain), 
			   3 (Gastrointestinal), 2 (VTE)
Muthuramalingam	 40	 T+C (20) 	 ‑	 ‑	 (48)
et al		  vs. C (20)
Benesch et al	 1	 T+PAC, 	 0	 0	 (38)
		  BEV, IFN
Pooled	 317 T (188); 	 ‑		  61/132 (46%)a	
analysis	 Controls (129)

n, number of cases; T, thalidomide; DOC, docetaxel; GEM, gemcitabine; VTE, venous thromboembolism; CON, constipation; CRS, cyto-
reductive surgery; CHXT, chemotherapy; IMA, imatinib; TOP, topotecan; IP, interstitial pneumonitis; C, carboplatin; PAC, paclitaxel; BEV, 
bevacizumab; IFN, interferon. aOnly cases with T as single treatment (n=132).
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toxicity. In this trial, thalidomide did not reduce the recurrence 
rate relative to tamoxifen. Specifically, thalidomide vs. tamox-
ifen was associated with a similar risk of progression [hazard 
ratio (HR)=1.31, 95% confidence interval (CI)=0.93‑1.85]. Of 
note, thalidomide even resulted in a significantly increased risk 
of death (HR=1.76, 95% CI=1.16‑2.68) and had significantly 
more grade 3 and 4 toxicities (55% vs. 3%). The most common 
grade 3 and 4 toxicities of thalidomide were constitutional 
(12%), somnolence (12%), pulmonary (9%), VTE (6%) and 
peripheral neurologic toxicity (6%). This trial demonstrates 
that thalidomide should not be used in women with biochem-
ical recurrence in order to prolong time to progression. In this 
indication, thalidomide clearly does more harm than good with 
significant increases in morbidity and even mortality.

In contrast to the Hurteau et al  (46) trial, the second 
largest trial was positive. In a randomized phase III trial, 
Downs et al and compared the response rates of 69 women 
with recurrent ovarian cancer treated with topotecan or 
topotecan and thalidomide (45). Eligible patients had recur-
rent epithelial ovarian carcinoma with measurable disease or 
elevated CA 125 values. Patients received topotecan at a dose 
of 1.25 mg/m2 on days 1 through 5 of a 21‑day cycle or topo-
tecan and thalidomide with a starting dose of 200 mg per 
day and then increasing the dose as tolerated. In this positive 
trial, the overall response rate in the topotecan only arm was 
21% [complete responses (CR) in 18% and partial responses 
(PR) in 3% of patients] compared with 47% in the topotecan 
and thalidomide arm (CR 30%, PR 17%). This difference was 
clinically and statistically significant (P=0.03). The median 
progression‑free survival was significantly longer in the 
topotecan and thalidomide arm (6 vs. 4 months; P=0.02). Of 
note, overall survival time was also longer with topotecan and 
thalidomide (19 vs. 15 months), but this difference was not 
statistically significant. In contrast to the Hurteau et al (46) 
trial, toxicities in this study were similar in both treat-
ment arms. Specifically, there were not more grade 3 and 
4 events in the combination arm. This trial is notable due 
to its randomized design and the positive result indicating 

a statistically and clinically significant additive antitumor 
effect of thalidomide in combination with topotecan. More-
over, thalidomide did not increase overall toxicity.

In a prospective phase II trial, Eisen et al found no objec-
tive tumor responses in 19 women with recurrent ovarian 
cancer treated with low dose oral thalidomide (100 mg per 
day)  (40). They reported no toxicity for thalidomide. To 
the contrary, thalidomide improved appetite and sleeping 
patterns. In three retrospective case series of 10, 17, and 18 
women, Abramson et al  (41), Chan et al  (44), and Gordi-
nier et al (52) reported response rates of 33% (3/10), 53% 
(9/17), and 44% (8/18), respectively. In all three case series, 
no complete response was noted. Responses consisted of 
partial response and stable disease. Toxicity of thalidomide 
was moderate described as mild weakness, agitation, somno-
lence, rash, and constipation in one study  (41). However, 
Gordinier et al observed grade 3 dyspnea in 8/18 (44%) and 
grade 3 constipation in 2/18 (11%) patients, respectively (52). 
In Chan's study, two women experienced grade 3/4 toxicity 
(constipation and neurologic toxicity) and stopped treat-
ment (44).

Five case reports describing the effects of thalidomide 
in women with recurrent ovarian cancer were identified. 
Complete responses under thalidomide were reported in 3 
case reports (22,38,39). However, in all 3 cases thalidomide 
was combined with systemic chemotherapy. In 2 further case 
reports of 3  patients  (23,24), thalidomide combined with 
systemic chemotherapy achieved a partial response in one and 
stable disease in 2 patients. In these case reports, thalidomide 
was combined with topotecan, docetaxel, gemcitabine, and 
paclitaxel. As relevant toxicity, one case of interstitial pneu-
monitis was reported among these 6 patients.

Lenalidomide trials. In a prospective phase II trial of 45 
women with recurrent ovarian cancer, continuous oral lenalid-
omide at a dose of 20 mg per day achieved 4 partial responses 
and 21 cases of stable disease for an overall response rate of 
56% (25/45) (50). The most frequent toxicity was hematologic, 

Table III. Clinical studies describing the toxicity of lenalidomide in women with ovarian, fallopian tube or peritoneal cancer.

	 Number of	 Treatment		
Author	 cases (n)	 regimen	 Grade 3 events	 Grade 4 events	 (Refs.)

Zhang et al	 20	 L	 7 (NEU), 2 (Anemia), 1 (Fatigue), 	 0	 (43)
			   1 (Nausea), 1 (Diarrhea), 1 (VTE)	
Carter et al	 5	 L+TOP	 3 (NEU), 2 (THR), 2 (Anemia), 	 0	 (47)
			   1 (Fatigue), 1 (VTE)	
Ganesan et al	 7	 L+S	 7 (NEU), 2 (THR),		  (49)
			   2 (Rash), 1 (VTE)	 1 (PE)
Selle et al	 45	 L	 10 (NEU), 3 (Pain), 3 (Obstruction),	 3 (Neutropenia),	 (50)
			   2 (VTE), 2 (Edema), 2 (Vomiting),	 3 (VTE)
			   1 (Dyspnea), 1 (Diarrhea)
Pooled analysis	 77 L (77); 	 ‑	 43/65 (66%)a	 7/65 (11%)a

	 Controls (0)

n, number of cases; L, lenalidomide; NEU, neutropenia; VTE, venous thromboembolism; TOP, topotecan; THR, thrombocytopenia; S, 
sorafenib; PE, pulmonary embolism. aOnly cases with L as single treatment.
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notably grade 3/4 neutropenia in 29% of patients, along with 
fatigue (69%), gastrointestinal toxicity (constipation 53%, 
abdominal pain 49%, diarrhea 38%, nausea/vomiting 36%) 
and thrombosis (11%). Eight patients withdrew due to intol-
erable toxicity. Thus, this study indicates that lenalidomide 
as a single treatment has significant activity in this patient 
population despite a considerable toxicity. In another small 
phase I/II dose escalation trial, lenalidomide was escalated 
from 5 to 25 mg per day in 5 mg increments and combined 
with intravenous topotecan 1.25 mg/m2 on days 1 to 5 of a 
21‑day cycle (47). Of note, 4 patients discontinued because of 
dose‑limiting toxicity, most commonly grade 4 neutropenia 
and the study was terminated early for reasons of toxicity.

Lenalidomide was further investigated in 2 phase I trials 
with 20 and 7 participants (43,49). Nine of 20 women (45%) 
were noted to have stable disease in one trial (43) and 1/7 
women (14%) in the second trial, in which lenalidomide was 
combined with sorafenib (49). The toxicities observed were 
considerable. In the Ganesan et al (49) trial with 7 participants, 
15 grade 3/4 events were observed, most notably neutropenia 
(n=7), thrombocytopenia, rash, VTE, and pulmonary embo-
lism (all n=2). In the Zhang et al  (43) trial of 20 women, 
lenalidomide led to 14 grade 3/4 events (neutropenia, n=7; 
anemia, n=2; fatigue, nausea, diarrhea, and VTE.

Discussion

In a systematic literature search, we identified 16 clinical 
studies with 394 patients treated with thalidomide or lenalido-
mide. Overall, thalidomide achieved an overall response rate 
of 43% with a mean time to progression of 5.6 months and 
lenalidomide achieved an overall response rate of 52% with 
a mean time to progression of 4.6 months. Systemic toxicity 
of both drugs was considerable and was documented in up to 
77% of patients with pneumonitis/pneumonia, neutropenia, 
rash, constipation, somnolence, fatigue, neuropathy, and 
VTE cited as the most common side effects. Based on these 
data, we conclude that both thalidomide and lenalidomide 
are active drugs in recurrent ovarian cancer. The toxicity of 
both drugs, however, is high with pneumonitis/pneumonia, 
fatigue, neuropathy, neutropenia, and VTE being the most 
important side effects. More data are available for thalido-
mide than for lenalidomide. The high toxicity of thalidomide 
and lenalidomide clearly limits the clinical usefulness of 
these drugs in the palliative situation of recurrent ovarian 
cancer.

Thalidomide has synergistic effects with topotecan. This 
is the notable result of a randomized trial comparing topo-
tecan alone and topotecan combined with thalidomide (45) 
in women with recurrent ovarian cancer. The combination 
treatment arm doubled the response rate from 21 to 47%. 
Moreover, adding thalidomide to the standard topotecan 
chemotherapy regime did not increase tocixity. Unfortu-
nately, there is no independent confirmation of this result and 
the number of patients recruited for this trial was low with 
only 69 probands. Adding the antiangiogenic agent thalido-
mide to cytotoxic chemotherapy is a reasonable strategy 
given that other antiangiogenic agents such as bevacizumab 
have been clearly demonstrated to enhance the antitumoral 
effect of cytotoxic chemotherapy (3‑7). If this additive effect 

of thalidomide to systemic chemotherapy is confirmed 
in more trials, adding thalidomide to standard palliative 
chemotherapy could be a promising strategy to integrate 
thalidomide into clinical practice.

Both thalidomide and lenalidomide have considerable side 
effects. For example, grade 3 or 4 adverse events were noted in 
61/132 (46%) of women with thalidomide as a single treatment. 
The frequency of severe side effects was even higher with 
lenalidomide. In 54/65 (77%) of women treated with lenalido-
mide as a single treatment, a grade 3 or 4 adverse event was 
noted. Proteinuria and hypertension, which are well‑known 
side effects of the antiangiogenic agent bevacizumab, have not 
been noted in women treated with thalidomide or lenalidomide. 
Thus, the side effect profile of thalidomide and lenalidomide 
is specific and clearly differs from other antiangiogenic drugs. 
Typical side effects noted in many studies with thalidomide 
and lenalidomide are an increased pulmonary tocixity and 
a high rate of VTE. Thus, prophylactic heparinization may 
be discussed with patients prior to initiating thalidomide or 
lenalidomide, especially in those patients with additional VTE 
risk factors. In view of the fact that all patients with recurrent 
ovarian, fallopian tube, and peritoneal cancer are in a pallia-
tive situation, the pronounced side effect profile of thalidomide 
and lenalidomide is a severe limitation of these agents. When 
considering to use these agents, a detailed discussion with the 
patient about the treatment benefit and the drug‑associated 
toxicity is necessary.

Based on the overall estimation of a response rate of 25% 
(complete responses and partial responses) for thalidomide and 
6% (complete responses and partial responses) for lenalido-
mide, both drugs should not be used routinely in women with 
recurrent ovarian cancer. In addition, neither thalidomide nor 
lenalidomide are approved for this patient population. Thus, 
the use of both drugs in ovarian cancer patients is off‑label. 
This fact may also limit the practical use of thalidomide and 
lenalidomide in women with recurrent ovarian, fallopian tube, 
and peritoneal cancer, because off‑label use has a number of 
practical consequences for the treating physician regarding 
liability, informed consent, and reimbursement issues (54).

In summary, we found that the antiangiogenic agents 
thalidomide and lenalidomide are active drugs in recurrent 
ovarian cancer. Thalidomide has synergistic effects with 
topotecan. The toxicity of both drugs is considerable with 
pneumonitis/pneumonia, fatigue, neuropathy, and VTE. More 
data are available for thalidomide than for lenalidomide. 
Both thalidomide and lenalidomide are not recommended 
for women with recurrent ovarian cancer. However, the avail-
able data support further investigations of the combination of 
thalidomide and topotecan within the setting of clinical trials.
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