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Abstract: Objective: This study aims to observe the efficacies and adverse reactions of modified vitamin programs 
before pemetrexed chemotherapy (second-line treatment) against epidermal growth factor receptor (EGFR) mutant 
wild-type lung adenocarcinoma. Methods: 477 patients with IIIB, phase IV glomerular filtration rate (GFR) mutant-
negative lung adenocarcinomas and performed pemetrexed chemotherapy were collected and divided into group A 
(167 cases, with modified program) and group B (310 cases, with traditional program). The modified program was: 
orally administrated 400 μg folic acid once per day and 1 day before the first-round pemetrexed chemotherapy, 
until the 21st day of the final administration of pemetrexed, and intramuscularly injected 500 μg vitamin B12 
1 day before the first-round pemetrexed chemotherapy, and injected once 1 day before every round pemetrexed 
treatment. Results: Comparison between group A and group B: mean chemotherapy cycles (4.08 vs 3.98); effective-
ness rate (22.16% vs 22.90%); disease control rate (56.51% vs 55.00%); without significant difference (P > 0.05). 
Two groups currently all reached the median overall survival (OS). The median progression-free survival (PFS): 4.2 
vs 4.1 months; OS: 12.9 vs 13.2 months, without statistical difference (P > 0.05). Such side effects between the 
two groups as leukopenia, neutropenia, thrombocytopenia, anemia, nausea, vomiting, diarrhea, fatigue, creatinine 
increasing, alanine transaminase (ALT) increasing, stomatitis, peripheral neuropathy, alopecia and rash had no 
significant difference (P > 0.05). Conclusions: The modified vitamin supportive treatment could ensure the efficacy, 
significantly simplify, facilitate the clinical application, and increase the associated toxicities, indicating that the 
pemetrexed-based chemotherapy did not need to be delayed because applying the vitamin supportive treatment.
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Introduction

Lung cancer was one of the most common 
malignancies in world nowadays [1], non-small 
cell lung cancer (NSCLC), especially adenocar-
cinoma, was the main type of lung cancer [2]. 
Nowadays, chemotherapy was the first treat-
ment choice for NSCLC, while pemetrexed was 
mainly used as the second-line drug [3-5], and 
also could be chosen as maintenance or first-
line therapy as monotherapy or combined with 
cisplatin for advanced NSCLC [6-8], even better 

efficacies and safeties than gemcitabine 
against non-squamous non-small cell lung can-
cer [9, 10].

Pemetrexed was a new generation based on 
the classic anti-metabolic drug, which increased 
therapeutic effect on multiple enzymes in the 
folate-dependent metabolic pathways, includ-
ing inhibit the activities of thymidylate synthase, 
dihydrofolate reductase and glycinamide nucle-
oside formyl transferase, reducing the biosyn-
thesis of purine and thymidine, thus specifically 
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affecting the folic acid synthesis of tumor cells, 
and inhibiting the proliferation of tumor cells 
[11]. Folic acid, as well as vitamin B12 were 
both needed before and during the chemother-
apy course to reduce the toxicity of pemetrexed, 
now the traditional vitamin supplement pro-
gram would normally refer to the previous clini-
cal trials [12], which would delay the treatment 
(before) or mislead the total dose of B12 (dur-
ing). Based on our accumulated clinical experi-
ence of pemetrexed chemotherapy, we explored 
whether the vitamin supplement programs and 
courses could be simplified. In the present 
study, we retrospectively analyzed the applica-
tion programs of vitamin supportive therapy 
before the pemetrexed chemotherapy against 
the patients with epidermal growth factor 
receptor (EGFR) wild-type lung adenocarcino-
ma, including the simplification and improve-
ments of application period and doses, aiming 
to find out the its impacts on efficacies and 
related adverse reactions of pemetrexed 
chemotherapy.

Materials and methods

Inclusion criteria and clinical data

Inclusion criteria: (1) Pathologically/cytological-
ly diagnosed, during the initial diagnosis, as the 
local advanced metastatic adenocarcinoma 
(IIIB or IV), could not perform the radical sur-
gery, with negative EGFR mutation, failed or 

cardiogram (ECG). (8) With good compliance 
and signed the informed consent of chemother-
apy, and willing to accept the follow-up. 
Exclusion criteria: (1) Allergic to the contrast 
agent or with hyperthyroidism; (2) with brain 
metastases; (3) with acute infection; (4) with 
severe heart, lung, liver and kidney dysfunc-
tions, could not tolerate the chemotherapy; (5) 
appeared intolerable toxic reactions.

Object

According to the inclusion and exclusion crite-
ria, 477 patients were selected from Sep. 2009 
to Mar. 2014, including 237 males and 240 
females, aged 26 to 83 years old, with the 
median age as 62 years old; among who 172 
cases were in clinical phase IIIB, and 305 cases 
were in phase IV. The group A (167 patients) 
was performed the modified program (35.01%), 
while the group B was performed the traditional 
program (310 cases, 64.99%). Before the treat-
ment, the comparison in sex, age, smoking, 
clinical phase, ECOG score, proportion of 
accepting treatment after first-line and second-
line chemotherapy had no significant difference 
(P > 0.05, Table 1). This study was conducted in 
accordance with the declaration of Helsinki. 
This study was conducted with approval from 
the Ethics Committee of Guangzhou Medical 
University. Written informed consent was 
obtained from all participants.

Table 1. General information of the two groups
Group A  

(n = 167)
Group B  
(n = 310) P

Age (median, range) 61 (26~82) 64 (29~83) 0.783
Gender 0.669
    Male 80 (47.90%) 157 (50.65%)
    Female 87 (52.10%) 153 (49.35%)
Smoker 20 (11.98%) 38 (12.25%) 0.928
Clinical staging 0.876
    IIIB 62 (37.13%) 110 (35.48%)
    IV 105 (62.87%) 200 (64.52%)
ECOG PS score 0.952
    0-1 135 (80.84%) 257 (82.90%)
    2 32 (19.16%) 53 (17.10%)
First-line chemotherapeutic program 0.902
    GP 106 (63.47%) 195 (62.90%)
    TP 61 (36.53%) 115 (37.10%)
Situations after third-line treatment 47 (28.14%) 77 (24.84%) 0.872

progressed after first-line GP 
or TP chemotherapy program, 
or second-line pemetrexed 
monotherapy. (2) Had at least 
one measurable objective 
tumor lesion (Imaging: com-
puted tomography (CT) or 
magnetic resonance imaging 
(MRI)). (3) Performance sta-
tus (PS) scored as 0 to 2 
points. (4)The expected life-
time was > 3 months. (5) 
Routine blood examination: 
white blood cell (WBC) ≥ 
4.0×109/L, hemoglobin ≥ 80 
g/L, platelets ≥ 80×109/L. (6) 
Hepatonephric functions: ALT 
≤ 2-time normal upper limit, 
bilirubin ≤ normal upper limit, 
creatinine ≤ normal upper 
limit. (7) With normal electro-
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Treatment

The group A, modified program: pemetrexed 
500 mg/m2 (Lilly France, Fegersheim, France), 
d1, intravenous infusion; vitamin B12 500 μg/
once (Norht China Pharmaceutical Company. 
Ltd, Hebei, China), intramuscular injection, one 
day before the chemotherapy, then once 1 day 
before the next cycle; folic acid 400 μg/d 
(Changzhou Pharmaceutical Factory Co., Ltd, 
Changzhou, China), oral administration, 1 day 
before the chemotherapy, until the 21st day 
after the chemotherapy, dexamethasone tab-
lets 4 mg (Sinopharm Xingsha Pharmaceuticals 
Co. Ltd, Fujian, China), orally administrated 1 
day prior to the chemotherapy, the exact day 
and the 2nd day after the chemotherapy, twice 
a day; the group B, traditional program: peme-
trexed 500 mg/m2, d1, intravenous infusion; 
vitamin B12 1000 μg/once, intramuscular 
injection, seven days before the chemotherapy, 
once every three weeks; folic acid, 400 μg/d, 
oral administration, seven days before the che-
motherapy, until the 21st day after the chemo-
therapy, dexamethasone tablets 4mg (orally 
administrated 1 day prior to the chemotherapy, 
the exact day and the 2nd day after the chemo-
therapy), twice a day. The two groups all set 21 
days as one cycle. Before and after the treat-
ment, the routine blood examination, hepato-
nephric functions and ECG were examined, if 
WC < 3.5×109/L, the recombinant human gran-
ulocyte colony-stimulating factor was adminis-
trated for the support. If the degree III toxicity 
occurred, the dose should be reduced by 25%, 
and the chemotherapy should be postponed if 
degree IV toxicity occurred, and stopped for two 
consecutive degree IV toxic responses. the effi-
cacies and toxicities were evaluated every two 
cycles. All patients were routinely applied the 
gastric mucosa-protective and antiemetic 
drugs.

Efficacy

Short-term efficacy evaluation was divided into 
complete response (CR), partial response (PR), 

patients. The second-line progression-free sur-
vival (PFS) referred to the time from the first 
application of second-line drug to PD. The over-
all survival (OS) referred to the time from diag-
nosis to death with any cause. The toxicity was 
classified by the chemotherapy toxicity stan-
dards of NCI CTC (version 3.0) and graded as 
level 0~IV.

Adverse reactions

I: mild reaction, no treatment; II: moderate 
reactions, in need of treatment; III: severe reac-
tions, life-threatening, but recoverable; IV: 
severe reactions, lethal or promote death.

Statistical analysis

The SPSS16.0 software was used for the statis-
tical analysis, the classification of variables 
used the χ2 test to compare the basic situations 
and side effects of chemotherapy. The continu-
ous variables were performed the T test. The 
analysis towards the toxicity predictors used 
the multivariate logistic regression. The median 
survival period was estimated with the Kaplan-
Meier method, the survival curves were com-
pared with the log-rank test, with P < 0.05 con-
sidered as the statistical significance.

Results

Basic information

The basic information of the 2 groups was 
shown in Table 1. A total of 477 patients were 
enrolled, while there were no significant differ-
ence in basic information between the two 
groups.

Chemotherapy program and vitamin supple-
mentary program

The two groups were both applied the peme-
trexed alone chemotherapy, and applied 4 mg 
dexamethasone on the exact day and one day 
before and after the chemotherapy, respective-

Table 2. Situation comparison of the two groups after the treat-
ment

Group A Group B P
Total chemotherapy rounds 681 1236
Average round of each patient 4.08 3.98 0.692
Cases of medication reduction 13 23 0.913
Average dosage of pemetrexed (mg/m2/round) 492 489 0.778

stable disease (SD) and pro-
gressive disease (PD) accord-
ing to the RECIST criteria. The 
overall response rate (ORR) 
was CR+PR. The objective 
response rate (ORR) was the 
ratio of (CR+PR) to the total 
patients. Disease control rate 
(DCR) was the ratio 
(CR+PR+SD) to the total 
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ly, as well as the bis in die (BID) anti-allergy 
treatment; 8 mg ondansetron was intravenous-
ly infused to prevent such side effects as vomit-
ing, etc. The pemetrexed dosage of one round 
in both 2 groups was 500 mg/m2. The patients 
of the two groups completed a total of 1917-
round chemotherapy, among which the group A 
completed 681 rounds, and the group B com-
pleted 1236 rounds. The numbers of chemo-
therapy rounds towards each patient ranged 
from 2-10 rounds. There 13 and 23 patients in 
group A and group B, respectively, that occurred 
phase III-IV myelosuppression thus reduced 
the dosage (1.90% vs 1.86%, P = 0.913); the 
average chemotherapy round was (4.08 vs 
3.98, P = 0.692), the pemetrexed dosages 
between the 2 groups had no statistical differ-
ence (average 492 mg/m2 vs 489 mg/m2 per 
round, P = 0.778, Table 2).

Side effects

Chemotherapy-associated side effects with the 
two groups were shown in Table 3. The side 
effects of the chemotherapy within both groups 
were mild, and showed no statistically signifi-
cant difference in overall toxicities in non-blood 

cally used, the incidence rates of nausea and 
vomiting between the 2 groups were low, 
22.75% vs 22.26%, P = 0.875; the incidence 
rates of anemia, thrombocytopenia, serum cre-
atinine increasing, alanine transaminase (ALT/
GPT) increasing, stomatitis, diarrhea, infec-
tions, peripheral neuropathy, hair loss and skin 
rashes showed no significant difference 
between the 2 groups.

Efficacy evaluation

The follow-up was lasted until July 2014. The 
effectiveness rates of the A and B group were 
(22.16% vs 22.90%, P = 0.825); the disease 
control rate was: (56.89% vs 56.77%, P = 
0.981), showing no significant difference as 
shown in Table 4. All patients were in the stage 
of second-line progress when the data were 
being collected. And there were only 137 
patients that were still alive, the patients of the 
two groups all had reached the median OS. The 
median PFS of the A and B group were 4.2 
months and 4.1 months, showing no significant 
difference (P = 0.272, Figure 1A). OS of the two 
groups were 12.9 months and 13.2 months, 
showing no significant difference (P = 0.099, 
Figure 1B).

Discussion

Pemetrexed was multi-target antagonist of folic 
acid, and the first chemotherapeutic drug with 
specific targets with low toxicities [13, 14], 
since folic acid was necessary in the synthesis 
and transformation of purine nucleic acid and 

Table 3. Comparison of adverse reactions of the two groups
Adverse reactions Group A (n = 167) Group B (n = 310) P
Leukopenia 33 (19.76%) 65 (20.97%) 0.813
Neutrophil deficiency 4 (2.40%) 7 (2.26%) 0.924
Thrombocytopenia 14 (8.38%) 24 (7.74%) 0.805
Anemia 50 (29.94%) 93 (30.00%) 0.989
Nausea,vomiting 38 (22.75%) 69 (22.26%) 0.875
Diarrhea 12 (7.19%) 21 (6.77%) 0.866
Fatigue 52 (31.14%) 96 (30.97%) 0.804
Serum creatinine increasing 5 (2.99%) 10 (3.23%) 0.890
GPT increasing 13 (7.78%) 24 (7.74%) 0.987
Stomatitis 13 (7.78%) 23 (7.42%) 0.886
Peripheral neuritis 9 (5.39%) 15 (4.84%) 0.725
Hair loss 11 (6.59%) 18 (5.81%) 0.734
Rash 12 (7.19%) 20 (6.45%) 0.760

Table 4. Short-term efficacies of the two 
groups

Group A (n = 167) Group B (n = 310) P
CR+PR 37 71 -
SD 58 105 -
RR% 22.16 22.90 0.825
DCR% 56.89 56.77 0.918

and blood systems. Leuko- 
penia and neutrophil deficien-
cy were the most common 
adverse effects observed 
within the two groups. The 
results found that there was 
no significant difference in 
such side effects as leukope-
nia (19.76% vs 20.97%, P = 
0.813) and neutrophil defi-
ciency (2.40% vs 2.26%, P = 
0.924) between the 2 groups. 
As for the non-hematologic 
toxicities, fatigue was still the 
most common adverse reac-
tion, 31.14% vs 30.97%, P = 
0.804; because the antiemet-
ics was routinely prophylacti-
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pyrimidine nucleotides, the supplements was 
indispensable during any chemotherapy with 
antagonist of folic acid [15], and vitamin B12, 
which involved in the manufacture of marrow 
erythrocyte, was also need to be supplied exog-
enously [16].

Folic acid played an important role towards the 
cell growth, as well as the synthesis of nucleic 
acids, amino acids and proteins. When folic 
acid exhibited the deficiency, megaloblastic 
anemia, neutropenia and thrombocytopenia 
might be induced, and such gastrointestinal 
symptoms as appetite loss, bloating, diarrhea 
and glossitis might also be caused, the folic 
acid deficiency could cause hyperhomocystein-
emia, thus increasing the risks of cardiovascu-
lar diseases. Vitamin B12 was indirectly 
involved in the synthesis of thymidine nucleo-
tide. When Vitamin B12 was deficient, its 
impacts on the hematology were similar to folic 
acid, namely the DNA synthesis would be 
blocked, thus leading to the megaloblastic 
anemia.

After intramuscularly injected 1 mg vitamin 
B12, its plasma concentration could be main-
tained above 1 ηg/ml for 2.1 months. The met-
abolic characteristics of vitamin B12 absorbent 
might be the reason that vitamin B12 should 
be intramuscularly injected once every three 
chemotherapy rounds (63 days) in the tradition-
al schemes. It would be 14 days for the metab-

olite level to recover from the supplement of 
folic acid and vitamin B12, so the traditional 
programs would perform vitamin supportive 
therapy 1-2 weeks before the pemetrexed che-
motherapy [17].

Several previous studies [18-22] demonstrated 
that the patients with vitamin supportive thera-
py suffered from less side effects of peme-
trexed chemotherapy, thus the vitamin support-
ive therapy was necessary to reduce the peme-
trexed-related side effects. However, the spe-
cific timing of vitamin supportive therapy during 
the pemetrexed chemotherapy had no concrete 
evidence-based medical proofs. Yang et al [23] 
found that high doses of folic acid and vitamin 
B12 had no effect towards the anticancer effi-
cacies of pemetrexed, while it might increase 
the sensitivities of tumor cells towards peme-
trexed, the NSCLC patient with vitamin B12 
supportive therapy exhibited better survival 
rates after the pemetrexed therapy. Though the 
traditional programs deemed it to be neces-
sary that the vitamin supportive therapy should 
be applied 7 days before the first dose of peme-
trexed, Griffin found in a retrospective analysis 
that the timing of vitamin treatment of 8 NSCLC 
patients (mainly adenocarcinoma) was less 
than five days before the pemetrexed chemo-
therapy, and no major adverse events occurred 
[24]. Socinski et al [25] found in one retrospec-
tive analysis towards the Phase II clinical exper-
imental study of pemetrexed in treating the 

Figure 1. Comparison of the median progression-free survival (PFS) and the median overall survival (OS) in the two 
groups. A: PFS between the 2 groups: 4.2 months vs 4.1 months, P = 0.272, without significant difference in PFS; B: 
OS between the 2 groups: 12.9 months vs 13.2 months, P = 0.099, without significant difference in OS.
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recurrent small cell lung cancer that the appli-
cation timing of vitamin B12 (less than 7 days 
before the first dose of pemetrexed) did not 
increase serious side effects, and there was no 
correlation between the application timing of 
vitamin B12 before the first dose of peme-
trexed and the side effects. Kim et al. [26] 
enrolled a total 350 NSCLS patients from Nov 
2009 to April 2012 into the pemetrexed che-
motherapy, the patients were divided into two 
groups (the experimental group had 56 
patients, and there was no significant differ-
ence in the basic information between the 2 
groups), the 2 groups were performed the vita-
min supportive therapy at different timings 
before the first cycle of pemetrexed chemother-
apy (5-14 d vs 4 d or less). The effectiveness 
rates, PFS and the side effects in the first cycle 
of chemotherapy showed no statistical signifi-
cance. These studies indicated that vitamin 
supportive therapy before the pemetrexed ther-
apy might not require 1-2 weeks. Even as for 
the patients without vitamin deficiency, the 
vitamin supportive therapy one week before 
the chemotherapy treatment could be seen as 
the unnecessary delay towards the chemother-
apy, and it prolonged the patients’ hospital stay 
and increased the hospital costs. The previous 
studies were mainly the retrospective analysis, 
and the sample sizes were small, the optimized 
fixation time of vitamin support before the 
pemetrexed therapy was not clarified.

This study made up the shortcomings of previ-
ous analytical researches to some extent, sig-
nificantly simplified and clarified the specific 
dose and timing of vitamin applications, name-
ly the intramuscular injection of 500 μg vitamin 
B12 could only be a day before the chemother-
apy, followed one injection towards every round; 
400 μg/d folic acid could be orally administrat-
ed one day before the chemotherapy, until the 
21st day after the final round of chemotherapy; 
this method was much more convenient than 
the traditional program, and would not be diffi-
cult to be missed. Of course, whether our sup-
portive program was the best option still need-
ed to be proved by more clinical practice and 
experiments.

In short, our modified simplified vitamin pro-
grams could not only ensure the effects of sec-
ond-line pemetrexed chemotherapy, but also 
significantly simplify and facilitate the clinical 
application, and no side effects were increased. 
Especially in the first round, the vitamins appli-

cation did not need to be 7 days before the che-
motherapy, thus it could avoid that the best 
treatment time was delayed because of the 
vitamin supplementary therapy, so it was wor-
thy of further study.
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