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Abstract
Background: The aim of this study was to evaluate the efficacy and safety of pemetrexed in the treatment
of epithelial ovarian cancer, fallopian tube cancer, and primary peritoneal cancer.
Results: Patients with platinum-sensitive and platinum-resistant epithelial ovarian cancer who received
pemetrexed disodium chemotherapy at Qilu Hospital of Shandong University between January 2015 and
December 2018 were identified. Dose delay and adjustment were permitted when serious side effects
occurred. To observe the efficacy rate and follow up on its side effects, progression-free survival and
overall survival after chemotherapy were monitored. A total of 96 cases were collected, and 340 cycles of
chemotherapy were administered. The overall response rate (ORR) was 32.29% (31 patients), where 16
patients (16.67%) had a complete response, and 15 patients (15.62%) had a partial response. There were
68 platinum-resistant patients and 28 platinum-sensitive patients. The ORRs of platinum-sensitive and
platinum-resistant patients were 42.86% (12 patients) and 27.94% (19 patients), respectively, p = 0.16.
The median progression-free survival (PFS) was 3.52 months and 2.97 months (HR0.62, 95% CI, 0.371.02), respectively, and there was no significant difference (P = 0.06). The median overall survival (OS) of
the two groups was 36 months and 18 months, respectively, and the difference was statistically
significant (p= 0.01). There was no drug-related death in all patients, and all of the side effects were mild.
The most common side effects were myelosuppression, gastrointestinal reactions and hepatotoxicity.
Conclusion: Pemetrexed disodium is effective not only for platinum-sensitive but also platinum-resistant
epithelial ovarian cancer. And the side effects are tolerable. Pemetrexed disodium may be a choice for
epithelial ovarian cancer, fallopian tube cancer, and primary peritoneal cancer.

Backgound
Ovarian cancer is one of the three most common gynecologic cancers in women. According to
statistics[1], the incidence of ovarian cancer in the Asian population is as high as 9.2 per 100,000 people
per year, while the mortality rate is 4.4 per 100,000 people per year. With the therapeutic strategy that
includes platinum-based chemotherapy following surgery, the 5-year survival rate of patients slightly
increased to 57%. However, the high incidence and mortality rates of ovarian cancer seriously threaten the
quality of life and life of women. Ovarian cancer can be divided into epithelial cancer, malignant germ cell
tumor and sex cord stromal cell tumor, most of which are epithelial cancers, which accounts for
approximately 90% of these tumors. Because there is no effective screening method and the clinical
symptoms of ovarian cancer are not obvious, most patients were diagnosed at an advanced stage[2]. At
present, satisfactory cytoreductive surgery and adjuvant chemotherapy based on platinum and paclitaxel
with or without maintence therapies based on targeted chemotherapy drugs are recognized as effective
treatments for ovarian cancer. Nevertheless, a few patients still progress during the initial platinumcontaining therapy, and most ovarian cancers recur within three years. As a result, the treatment of
ovarian cancer is an urgent problem that needs to be addressed. The goals of treatment are to prolong
the survival period and to improve the quality of life of ovarian cancer patients. In 2019, the
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NCCNrecommended platinum-based chemotherapy for ovarian cancer patients; however, the NCCN no
longer recommended this treatment for platinum-resistant ovarian cancer patients, and single-drug
chemotherapy is often used based on experience for these patients. At present, many single-drug
chemotherapy regimens have similar efficacy and low efficiency: the overall response rate to topotecan
was 20%[3], the overall response rate to gemcitabine was 19%[4], and the ORR to bevacizumab was 21%[5].
Pemetrexed is an anti-folic acid agent that is now used as a novel multitarget antitumor drug. This drug
exerts its activities by inhibiting folate-dependent enzymes involved in purine and pyrimidine synthesis,
including thymine synthase, dihydrofolate reductase,glycinamide ribonucleotide formyltransferase and
aminoazole-formamide-ribonucleotide formyltransferase. Pemetrexed shows great clinical activity in
many solid tumors, such as non-small cell lung cancer, breast cancer, mesothelioma, colorectal cancer,
pancreatic cancer, gastric cancer, bladder cancer, cervical cancer and head and neck cancer[6]. Bone
marrow suppression is the dose-limiting toxicity of this drug. Preclinical studies have claimed that adding
folic acid can reduce the toxicity of pemetrexed while maintaining its antitumor activity[7]. Pemetrexed
combined with cisplatin was first approved by the Food and Drug Administration (FDA) for the treatment
of pleural mesothelioma in 2004 and was approved for the treatment of nonsquamous non-small cell
lung cancer (NSCLC) in 2008[8].
In relevant research of ovarian cancer treatment, pemetrexed disodium was effective for platinumsensitive and platinum-resistant ovarian cancer with tolerate toxicity[9]. Some researchers have calculated
that the overall response rate to pemetrexed disodium in platinum-sensitive recurrent ovarian cancer was
32.8%[10], the overall response rate to pemetrexed disodium was 9.3% at a dose of 500 mg/m2, and the
response rate was 10.4% at a dose of 900 mg /m2 in platinum-resistant recurrent ovarian cancer[11].
Therefore, the NCCN guidelines in 2014 recommended pemetrexed as an alternative treatment for
recurrent ovarian cancer, and the NCCN guidelines in 2019 recommended this drug for a platinumsensitive and platinum-resistant recurrent ovarian cancer. Based on the efficacy of pemetrexed in ovarian
cancer, this paper performed statistical analysis on the application, clinical response rate and related
toxicity of pemetrexed in ovarian cancer patients undergoing chemotherapy at our hospital.

Patients And Methods
From January 2015 to December 2018, 96 cases of platinum sensitive (relapse 6 months after first-line
platinum-containing chemotherapy) and platinum resistant (progression during first-line platinum
chemotherapy or relapse within 6 months after first-line platinum chemotherapy) epithelial ovarian
cancer (including epithelial fallopian tube cancer and primary peritoneal cancer) patients were identified
at Qilu Hospital of Shandong University. The median age of these 96 patients was 54 years old (range:
31-77 years old). All of these patients were confirmed to have epithelial ovarian cancer (or epithelial
carcinoma of the fallopian tube and primary peritoneal cancer), and most of the patients had advanced
disease (97.92% of the patients had stage III and stage IV disease). After cytoreductive surgery,
chemotherapy based on platinum combined with paclitaxel was used. Most patients achieved complete
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remission and then relapsed after several months; there were also a few patients with disease
progression during first-line chemotherapy. The case characteristics are shown in Table 1.
Each patient received pemetrexed (500 mg/m2, D1, q3w, ivdrip.) with or without other chemotherapeutic
regimens. During chemotherapy, folic acid (400-800 mg/d) was given as a supplement, and
dexamethasone was given as a pretreatment before chemotherapy. Blood tests and liver and kidney
function changes were monitored every week after chemotherapy. If granulocytopenia occurred, the
patients were treated with recombinant human granulocyte colony-stimulating factor(G-CSF). Daily
subcutaneous injection of G-CSF at does of 100μg was given until leukocyte elevate to 3.0×10^9/l and
neutrophil elevate to 1.5×10^9/l. Patients with anemia received iron support, and patients with
thrombocytopenia were treated with recombinant human thrombopoietin. Daily subcutaneous injection
of recombinant human thrombopoietin at does of 15,000U was given until platelet elevate to 100×10^9/l.
Liver and kidney support were given when liver and kidney function damage occurred. When the
neutrophil count was greater than 1.5×10^9/l, the platelet count was greater than 100×10^9/l, the
transaminase increasion was less than 1.5 times above normal, and the blood creatinine level was less
than 2 mg/ml, the next cycle of chemotherapy was started.
Ultrasound examinations and serum carbohydrate antigen-125 (CA125) concentration examinations were
performed to evaluate the efficacy after each course of chemotherapy (as measured by the RECIST
[version 1.0] or GCIG CA-125 response criteria). Toxicity was graded based on the National Cancer
Institute’s Common Terminology Criteria for Adverse Events (CTC-AE) version 4.0. Data are summarized
using standard descriptive statistics, and progression-free survival (PFS) and overall survival (OS) were
analyzed by the Kaplan-Meier (log-rank) method.
Table 1 Patient characteristics
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Characteristics
Age

N=96 (100%)
54(range31-77)

＜60

74(77.08%)

≥60

22(22.92%)

Tumor histology
Serous

89(92.71%)

Mucinous

4(4.17%)

Clear cell

3(3.12%)

Endometrioid

1(0.8%)

Unknown

6(4.7%)

Stage
I

1(1.04%)

II

1(1.04%)

III

93(96.88%)

IV

1(1.04%)

Results
Sixty-eight patients (70.83%) were platinum resistant among the 96 patients, 14 patients (14.58%)
developed disease progression during first-line chemotherapy with platinum, 54 patients (56.25%) were
platinum-resistant recurrent patients, and 28 (29.17%) patients were platinum-sensitive recurrent patients.
A total of 340 cycles of chemotherapy were completed, with a median chemotherapy cycle number of 3;
this included 294 cycles (86.47%) of pemetrexed combined with platinum chemotherapy, 13 cycles
(3.82%) of pemetrexed combined with nonplatinum chemotherapy, and 33 cycles (9.71%) of pemetrexed
alone (Table 2).
Table 2 Chemotherapy with pemetrexed disodium
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Characteristics
Chemotherapy cycles

N=96 (100%)
340（range1~9）

median (circles)

3

1~2circles

30（31.25%）

3~4 circles

43（44.79%）

5-6 circles

18（18.75%）

≥6 circles

5（5.21%）

Chemotherapy regimens

N=340（100%）

Pemetrexed + Lobaplatin

127（37.35%）

Pemetrexed + Nedaplatin

57（16.76%）

Pemetrexed + Cisplatin

44（12.94%）

Pemetrexed + oxaliplatin

33（9.71%）

Pemetrexed + carboplatin

33（9.71%）

Pemetrexed +Liposome paclitaxel

10（2.94%）

Pemetrexed + Bevacizumab

3（0.88%）
33（9.71%）

Pemetrexed

Among the 96 patients, the ORR was 32.29%; 16 patients (16.67%) had a complete response (CR) to
chemotherapy, whereas 15 patients (15.62%) showed a partial response (PR). Twenty-nine patients
(30.21%) had stable disease (SD), and the overall clinical response rate was 62.5%. The other 37.5% (36
patients) of patients showed progressive disease (PD). There were 28 platinum-sensitive patients and 68
platinum-resistant patients, and the ORRs were 42.86% (12 patients) and 27.94% (19 patients),
respectively; the difference was not statistically significant (P = 0.16)( Table 3). The median progressionfree survival (PFS) of patients with platinum-sensitive ovarian cancer was 3.52 months and that of
patients with platinum-resistant ovarian cancer was 2.97 months (hr 0.62, 95% CI, 0.37-1.02); there was
no significant difference (p= 0.06). The median survival time of platinum-sensitive patients and platinumresistant patients was 36 months and 18 months, respectively; the difference was statistically significant
(p= 0.01; Figure 1 and Figure 2).
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The main toxicities of chemotherapy were bone marrow suppression, gastrointestinal reactions and
hepatotoxicity, all of which were mild (G1 or G2). Neutropenia and anemia were common in bone marrow
depression, and all toxicities improved after supportive treatment. Twenty-two chemotherapy cycles
(6.47%) resulted in neutropenia of G3 or above, but no fever associated with neutropenia occurred.
Thrombocytopenia of grade III or above occurred in 4 chemotherapy cycles (1.18%), and purpura and
gastrointestinal and intracranial hemorrhage related to thrombocytopenia did not occur. Nausea and
vomiting were common among gastrointestinal tract reactions (23.06%), and hepatotoxicity of G1
occurred in 19.41%, and G2 occurred in 2.94%. Two patients (2.08%) received blood transfusions due to
clinical toxicity, 5 patients (5.21%) underwent chemotherapeutic dose reductions and had a prolonged
chemotherapy cycle, one of which for liver damage, and the other four for bone marrow suppression.
(Table 4)

Table 4 Percentage of toxicity in patients

Discussion
Although many remarkable achievements have been made in the treatment of ovarian cancer in recent
years, second-line and later treatment regimens of platinum-resistant ovarian cancer are still
unsatisfactory. In the relevant research on platinum-sensitive recurrent ovarian cancer, chemotherapy
plans containing platinum were found to have an ideal curative effect; however, in patients with platinumresistant recurrent or acquired platinum-resistant disease during first-line chemotherapy, the efficacy of
various chemotherapy drugs is not ideal. The overall response rates were as follows: weekly paclitaxel
therapy was 20.9%[12], docetaxel was 22.4%[13], gemcitabine chemotherapy was 29%[4], and bevacizumab
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Toxicity

Grade I

Grade II

Grade III

Grade IV

was 21%[5]. Therefore,

Anemia

49（14.41%）

51（15%）（14.7%）

9（2.65%）（2.62.65%）

1（0.29%）

Leukopenia

27（7.94%）

51（15%）（14.5%）

14（4.12%）

1（0.29%）

Neutropenia

19（5.59%）

46（13.53%）

19（5.59%）

3（0.88%）

Thrombocytopenia

13（3.82%）

7（2.06%）

4（1.18%）

-

Nausea / Vomiting

63（18.53%）

12（3.53%）

-

-

prolonging the recurrence
time of ovarian cancer and
improving the quality of life
of patients with ovarian
cancer are focuses in the

Diarrhoea/ Constipation

5（1.47%）

4（1.18%）

-

-

Hepatotoxicit-y

66（19.41%）

10（2.94%）

-

-

Cardiac toxicity

2（0.59%）

-

-

-

Nephrotoxici-ty

1（0.29%）

-

-

-

Mouth ulcer

3（0.88%）

-

-

-

Neurotoxicity

2（0.59%）

-

-

-

Fatigue

4（1.18%）

-

-

-

Skin rash

1（0.29%）

-

-

-

current exploration of
ovarian cancer treatment.
Drug resistance and
treatment for recurrent
ovarian cancer are urgent
problems that need to be
solved.
Pemetrexed disodium is a
new multitarget antitumor
drug against folic acid that
has been approved by the
FDA for the treatment of
pleural mesothelioma and
nonsquamous non-small

cell lung cancer[8]. This drug was also studied in the treatment of ovarian cancer. It is gratifying that
pemetrexed is also effective in the treatment of platinum-sensitive and platinum-resistant ovarian cancer,
and the toxicity is mild[10, 11, 14, 15]. The NCCN guidelines in 2019 recommended this drug for platinumsensitive and platinum-resistant recurrent ovarian cancer.
The present study confirmed the feasibility, efficacy and safety of pemetrexed in women with epithelial
ovarian cancer, fallopian tube cancer, and primary peritoneal cancer. Among the 96 patients, 340 cycles
of chemotherapy were completed (the median chemotherapy cycle number was 3 cycles), the ORR was
32.29% (31 patients), the overall clinical response rate was 62.5%, and 37.5% (36 patients) patients
developed disease progression. There were 28 platinum-sensitive patients and 68 platinum-resistant
patients, and the ORRs were 42.86% (12 patients) and 27.94% (19 patients), respectively; the difference
was not statistically significant (p = 0.16). In previous studies, Matulonis et al. conducted a phase II
clinical study of pemetrexed disodium (500 mg/m2) combined with carboplatin (AUC = 5) chemotherapy
in platinum-sensitive recurrent ovarian cancer, with an ORR of 51.1% and no complete response[15]. In
another phase II clinical trial[10] of platinum-sensitive recurrent ovarian cancer, 66 patients with platinumsensitive recurrent ovarian cancer received pemetrexed disodium (500 mg/m2) combined with
carboplatin (AUC = 6) chemotherapy. The ORR of chemotherapy was 32.8%. Vergote et al.[11] conducted a
phase II, randomized, double-blind trial in which 98 patients with platinum-resistant recurrent ovarian
cancer or primary peritoneal cancer were treated with pemetrexed disodium (500 mg/m2 or 900 mg/m2).
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The ORR of pemetrexed disodium (500 mg/m2) was 9.3%, and the ORR of pemetrexed disodium
(900 mg/m2) was 10.4%. Another phase II clinical trial of pemetrexed for the treatment of recurrent or
persistent platinum-resistant ovarian cancer or primary peritoneal cancer included 259 cycles of
pemetrexed disodium (900 mg/m2) single-drug chemotherapy in 51 patients. The ORR was 21%[14].
Based on these clinical experiences, pemetrexed combined with platinum is effective in the treatment of
platinum-sensitive recurrent ovarian cancer, while pemetrexed alone is effective in the treatment of
platinum-resistant recurrent ovarian cancer.
Therefore, the application value of pemetrexed in the treatment of epithelial ovarian cancer was
confirmed. The median progression-free survival (PFS) of platinum-sensitive patients was 3.5 months
(95% CI, 1.75–5.25), while platinum-resistant patients had a PFS of 2.97 months (95% CI, 2.47–3.47),
respectively; there was no significant difference between the two groups (p = 0.06). However, the median
overall survival (OS) of the two groups was 36 months and 18 months, respectively, and the difference
was statistically significant (P = 0.01). For the antitumor effect, pemetrexed disodium has a similar effect
in platinum-sensitive and platinum-resistant ovarian cancer, but platinum-sensitive patients seem to have
a better long-term prognosis, which may be due to the increased efficacy of platinum in the treatment of
platinum-sensitive recurrent ovarian cancer.
The toxic side effects of chemotherapy in 96 patients were mainly myelosuppression, gastrointestinal
reactions and hepatotoxicity, all of which were mild reactions. After the appropriate supportive treatment,
the side effects improved. The incidence of neutropenia of grade III and above was 6.47%, and the
incidence of thrombocytopenia of grade III and above was 1.18%. There were no adverse reactions, such
as purpura and gastrointestinal and intracranial hemorrhage, related to thrombocytopenia. Two patients
(2.08%) received blood transfusions, 5 patients (5.21%) underwent chemotherapy dose reductions and
had chemotherapy cycle prolongation. It can be seen that the side effects of pemetrexed in chemotherapy
are tolerable, and the same results can be reflected in previous studies. In a phase I clinical trial
conducted by Sehouli et al.[16], only one case of grade IV hepatotoxicity was found in 20 patients, and no
grade IV nonhematotoxicity was found. The most common toxicity was grade I in this trial, with one case
of grade III nausea and one case of grade 3 anaphylaxis. In another phase II clinical trial conducted by
Andrea R. et al.[17], half of these patients had grade III-IV hematologic toxicity, of which neutropenia was
the most common and severe. Common nonhematologic toxicities were fatigue and gastrointestinal
reactions, which were mainly grade I-II. In conclusion, the side effects of pemetrexed chemotherapy are
basically controllable and safe.

Conclusion
Compared with other chemotherapy drugs, pemetrexed disodium is effective for the treatment of
epithelial ovarian cancer, epithelial fallopian tube cancer and primary peritoneal cancer. The toxicity of
pemetrexed is basically controllable and is within the tolerable range. Therefore, pemetrexed disodium
alone or combined with other chemotherapy drugs can be used as one of the options for the treatment of
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platinum-resistant and platinum-sensitive recurrent ovarian cancer. However, as a retrospective trial, the
number of cases and the methods were still limited. Therefore, large-scale, multicenter, prospective
randomized controlled trials are needed to evaluate the efficacy of pemetrexed in ovarian cancer.
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Figure 1
Kaplan-Meier curve of progress-free time (PFS)（Made by GraphPad Prism8.0.1）
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Figure 2
Kaplan–Meier curve of overall survival (OS)（Made by GraphPad Prism8.0.1）
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