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Abstract: Lung cancer contributes to 31% of male and 26% of female cancer-related deaths and is the largest cause of cancer-related 
mortality in both men and women. Evaluation of new treatment strategies is ongoing to identify more effective treatments to overcome 
this dismal prognosis. Numerous studies and meta-analyses have proved the superiority of cisplatin-based third generation chemotherapy 
in NSCLC first line treatment but no gold standard exists. Two-drug third-generation chemotherapy provides a suitable alternative for 
patients with contraindications to platinum. Gemcitabine is a third generation agent successfully tested in non small lung cancer, either 
alone or in platinum and non platinum combination, and has become a drug of choice due to its advantageous toxicity profile. It has also 
been successfully combined with premetrexed, a new antitoxic agent, as well as with the vascular endothelial growth factor (VEGF) 
inhibitor bevacizumab, for adenocarcinoma histological nonsmall cell subtype. On the other hand, the identification of potential prog-
nostic and predictive molecular markers in the latest years, not only for novel targeted tyrosine kinase inhibitors but also for gemcitabine 
and other agents, may enable customized therapies for specific patient populations, allowing improved efficacy and reduced toxicity and 
cost. This review aims to provide an update on gemcitabine and its therapeutic value in modern molecular sitting.
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Introduction
Gemcitabine is a cytotoxic drug with distinctive phar-
macological properties and a wide antitumor-activity 
spectrum, including nonsmall cell lung cancer. Interin-
dividual differences in gemcitabine pharmacokinetics 
and pharmacodynamics may account for different 
sensibility and resistance among patients. Recent 
advances in molecular oncology prompted success-
ful development of new targeted therapy against 
selectively activated pathways and further associa-
tion with gemcitabine with encouraging results. The 
validation of predictive biomarkers to tailor chemo-
therapy is a key issue in the development of effective 
treatment options against cancer.1 Examples of how 
genetics and epigenetics might affect drug response 
are offered by gemcitabine. This review is aimed to 
provide an update on gemcitabine lung cancer trials 
with focus on recent studies of customized chemo-
therapy based on genetic markers as well as promising 
pharmacogenetic determinants, including BRCA1 
(breast cancer 1), RRM1 (regulatory subunit of ribo-
nucleotide reductase M1), ERCC1(excision repair 
cross-complementation group 1), and several else.

Mechanism of Action, Metabolism  
and Pharmacokinetic Profile
Gemcitabine (2′,2′-difluorodeoxycytidine) is a broadly 
active cytosine analog that is incorporated into DNA 
causing chain termination. The pharmacological char-
acteristics of gemcitabine are unique because two main 
classes of genes are essential for its antitumor effects: 
on the one hand, membrane transporter protein-coding 
genes, which products are responsible for drug intra-
cellular uptake; on the other hand, enzyme-coding 
genes catalyze its intracellular activation and inactiva-
tion. Therefore, gemcitabine is transported into cells by 
membrane transporter proteins such as equilibrative and 
concentrative nucleoside transporters (mainly hENT-1 
human equilibrative nucleoside transporter 1-, and, to 
lesser extent, hCNT-1 and hCNT-3, human concentra-
tive nucleoside transporters 1 and 3, respectively. Then, 
it is firstly phosphorylated by DKC (deoxycytidine 
kinase, activation enzymes) and further phosphorylated 
to its active diphosphorylated and triphosphorylated 
forms. Gemcitabine is rapidly metabolized by CDA 
(cytidine deaminase, inactivation enzymes) to an inac-
tive metabolite, dFdU (2′,2′-difluorodeoxyuridine), 
which is excreted into the urine.2–4

Gemcitabine active metabolites antitumoral 
effects depend on several mechanisms. They inhibit 
DNA synthesis by inhibition of DNA polymerase and 
ribonucleotide reductase, specific for the S-phase of 
the cycle. On the one hand, gemcitabine diphosphate 
inhibits DNA synthesis by inhibiting ribonucleotide 
reductase. On the other hand, gemcitabine triphos-
phate incorporates into DNA and inhibits DNA 
polymerase. One type of gemcitabine resistance 
occurs when the inactivation of ribonucleotide 
reductase decreases, which in turns correlates with 
increased expression of M1 subunit of ribonucleotide 
reductase. The ribonucleotide reductase M1 (RRM1) 
gene encodes the regulatory subunit of ribonucleotide 
reductase, the molecular target of gemcitabine. The 
overexpression of RRM1 mRNA in tumor tissues is 
reported to be associated with gemcitabine resistance. 
Thus, single nucleotide polymorphisms (SNPs) of the 
RRM1 gene are potential biomarkers of the response 
to gemcitabine chemotherapy.5

Since gemcitabine is only incorporated during 
DNA repair o replication and most solid tumors have a 
relatively low S-phase, single agent activity is limited 
although it may be cytostatic. Concomitant adminis-
tration of gemcitabine with a DNA damaging agent 
such as a platinum compound might lead to upregu-
lated DNA repair and could tend to prevent resistance 
to that platinum agent by two effects.6 Firstly, gem-
citabine will be incorporated more readily into DNA 
of non-dividing cells. Secondly, its ability to inhibit 
DNA polymerase will tend to prevent resistance to the 
DNA-damaging agent. Several groups have proved 
that gemcitabine can reverse resistance to cisplatin by 
its inhibition of DNA repair or replication. The effect 
on DNA repair seems to occur at much lower con-
centration of gemcitabine than direct incorporation, 
suggesting no need of high doses of gemcitabine in 
platinum combinations.5

Although some studies have suggested that 
gemcitabine delivered at fixed dose rate (FDR) infusion 
of 10  mg/m(2)/min could be more effective than the 
standard 30-min infusion, recent available pharmacoki-
netic data have shown that prolong infusion time over 
60  minutes and administration more frequently than 
once a week increase toxicity. Prolonged infusion times 
increase the accumulation of the active metabolite gem-
citabine triphosphate. Patients who receive gemcitabine 
FDR experience more grade 3/4 hematologic toxicity.7
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Even a starting dose of 800 mg/m2 is recommended 
for serum bilirubin .1.6  mg/dl to avoid toxicity, 
there is limited information on gemcitabine dosing 
in patients with elevated bilirubin levels.8 A recent 
retrospective study at the Medical University of 
South Carolina indicates the possibility that no initial 
dose reduction is necessary for patients with liver 
dysfunction receiving gemcitabine; however, close 
monitoring of these patients is required.9

Clinical Studies
Whenever possible, therapy should be individualized 
based upon molecular and histological features of 
the tumor. Assessment of patients overall medical 
condition and prior therapy are crucial in the deci-
sion making. For locally advanced and metastatic 
NSCLC, gemcitabine can be use with palliative intent 
as a single agent or in combination with platinum and 
non platinum compounds. There are fewer trials in 
non palliative sitting as for adjuvant, neoadjuvant and 
chemoradiotherapy regimens.

Palliative single agent
Gemcitabine single agent activity is limited although 
it may be cytostatic. As initial treatment it is generally 
limited to elderly patients and those with borderline 
performance status. Two phase studies and a phase III 
trial single agent gemcitabine have been reported in 
advanced and metastatic NSCLC (Table 1).10–12 In the 
first trial, sixteen (20%; 95% confidence interval [CI], 
12% to 31%) of 79 patients assessable for response 
had independently validated partial responses, with a 
median duration of 7 months. The overall median sur-
vival duration was 7 months. Gemcitabine improved 
disease-related symptoms (70% of patients) and 
increased WHO performance status (44%). Toxicity 

was generally mild and reversible. Patients experienced 
little WHO grade 3 and 4 toxicity. In the second multi-
center phase II study, 161 patients with NSCLC were 
recruited from 10 sites in nine countries. Most patients 
had stage IIIb (31.3%) or IV (64.6%) disease and 
93.8% had a performance status of 0 or 1 according to 
the WHO scale. Among 151 evaluable patients, there 
were 3 complete responses and 30 partial responses 
lasting at least 4 weeks for an objective response rate 
of 21.8% (95% CI 15.5%–29.3%). All responses were 
validated by an extramural Oncology Review Board. 
The mean duration of response was 8.8  months. 
The mean survival for all patients was 11.5  months 
(16.1% of patients were still alive 26  months after 
last patient started treatment). The phase III random-
ized trial, with 334 randomly assigned patients to 
gemcitabine-carboplatin (G-Cb) versus gemcitabine 
alone (G), showed significantly better overall survival 
(log-rank P  =  0.0205) and 2-year survival (15% v 
5%; P = 0.009) favoring the GC arm. Per Cox mul-
tivariate analysis, only two covariates, treatment arm 
(G-Cb v G) and baseline performance status (0 or 1 
v 2), independently influenced survival. Per-protocol 
analyses showed significantly longer median time to 
progression (5.7 v 3.9 months; P = 0.0001) and signif-
icantly higher objective response rate (29.6 v 11.3%; 
P , 0.0001) in the G-Cb arm. These results reinforce 
the fact that combination therapy may be a better 
choice when toxicity is not of concern.

Palliative combination treatment
Combinations regimens are preferred as first line 
treatment for younger patients with advanced disease 
and good performance status (PS) because of survival 
benefit. The same is true for adjuvant, neoadjuvant, 
concurrent chemoradiotherapy. In this latter sitting, 

Table 1. Gemcitabine monotherapy non-small cell lung cancer trials.

Regimen dose and schedule N RR OS (months) Trial/Reference
Gemcitabine d 0, 7, 14 
54 p 800 mg/m2 
28 p 1000 mg/m2

82 20% 7 Phase II trial 
J Clin Oncol. 1994 
Sep;12(9):1821–6.

Gemcitabine 1250 mg/m2 
d 1, 8, 15

161 21.8% 11.5 Multicenter phase II 
Eur J Cancer. 1996 
Feb;32A(2):243–8.

Gemcitabine 1250 d 1,8 with 
or without carboplatin AUC 5 
d 1/21d

334 G: 11.3% 
GC: 29.6%

G: 9.4 
GC: 11 (S)

Swedish Phase III trial. 
J Clin Oncol. 2005  
Nov 20;23(33):8380–8.
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full concurrent chemotherapy doses are crucial to 
optimize results.

Owing their slightly better performance, platinum 
based combination regimens with third generation che-
motherapy are usually preferred as first-line treatment 
for younger patients with advanced NSCLC and good 
performance status (PS). Given its ability to interfere 
with inhibition of repair of platinum induced DNA dam-
age, gemcitabine has emerged as an excellent platinum 
partner. Taking into account its favorable toxicity pro-
file, this combination is commonly used as first line 
treatment, especially in unselected population.

At least three phase III studies compared gemcitabine/
cisplatin (GC) regimen with first generation cisplatin-
based combination or cisplatin alone in the first line 
sitting. In the Italian Lung Cancer Project randomized 
phase III trial13 the objective response rate was 38% 
in the GC arm compared with 26% in the mitomy-
cin, ifosfamide, cisplatin (MIC) arm (P = 0.029). The 
median survival time was 8.6 months in the GC arm 
and 9.6 months in the MIC arm (P = 0.877, log-rank 
test). Grade 3 and 4 thrombocytopenia was signifi-
cantly worse in the GC arm (64% v 28%, P , 0.001), 
whereas grade 3 and 4 alopecia was reported more 
commonly in the MIC arm (39% v 12%, P , 0.001). 
They found no differences in survival or quality of life 
as compared with the previous regimen.

Gemcitabine-platinum based combination has 
been compared with other third generation-platinum 
combinations. No single regimen has demonstrated 
superiority in patients with advanced NSCLC. 
At least three cooperative group trials compared 
multiple platinum-based doublets.14–16 In the largest 
of these trials, 1155 patients were randomly assigned 
to one of four doublets: gemcitabine plus cisplatin, 
docetaxel plus cisplatin, paclitaxel plus carboplatin, 
or cisplatin plus paclitaxel. Overall response rates 
(approximately 19 percent), median survival 
(average 7.9  months), and one- and two-year sur-
vival rates were similar in all four groups, although 
there were differences in toxicity. Gemcitabine 
combination with nedaplatin, a new platin com-
pound is being checked.17 Le Chevalier et  al18 per-
formed a meta-analysis to quantify the treatment 
effect of gemcitabine plus a platinum agent in the 
treatment of advanced NSCLC and compared the 
combination to other platinum-containing regimens. 

A significant reduction in overall mortality in favor 
of gemcitabine–platinum regimens was observed, 
hazard ratio (HR) 0.90 (95% CI: 0.84–0.96) with an 
absolute benefit at 1 year of 3.9%. Median survival 
was 9.0  months for the gemcitabine–platinum regi-
mens and 8.2  months for the comparator regimens. 
Sub-group analysis of the first- and second-generation 
platinum-based comparator regimens also indicated 
a significant benefit for gemcitabine–platinum regi-
mens, HR 0.84 (CI: 0.71–0.9985). Analysis of third-
generation agent plus platinum regimens showed a 
non-significant trend favoring gemcitabine–platinum 
regimens, HR 0.93 (CI: 0.86–1.01). There was a sig-
nificant decrease in the risk of disease progression in 
favor of gemcitabine–platinum regimens, HR 0.88 
(CI: 0.82–0.93). An absolute benefit of 4.2% at 1 year 
was estimated. Median progression-free survival was 
5.1 months for gemcitabine–platinum regimens com-
pared with 4.4 months for the comparator regimens. 
Sub-group analysis indicated a statistically significant 
progression-free survival benefit for patients assigned 
to gemcitabine–platinum treatment compared to first- 
and second-generation platinum regimens, HR 0.85 
(CI: 0.77–0.94), and third-generation agent plus plati-
num regimens, HR 0.89 (CI: 0.82–0.96).

In addition to the clinical research of gemcitabine-
cisplatin combinations, gemcitabine has also been 
tested in various double and triple combinations with, 
paclitaxel, docetaxel, vinorelbine (Table 2) with simi-
lar response rate and overall survival among platinum 
combinations.19–28 To test efficacy and tolerability 
of non-platinum regimens for advanced non-small-
cell lung cancer, our group compared gemcitabine-
docetaxel versus gemcitabine-cisplatin in a phase II 
randomized trial for advanced NSCLC, with similar 
results.19 Non platinum combinations provide a suit-
able alternative when toxicity is of concern or there 
are contraindications to platinum.

Novel agent combinations
Novel agents have been added to platinum and nonplat-
inum combinations in an attempt to improve NSCLC 
grim prognosis. Several gemcitabine-novel agent asso-
ciations have been reported. Gefitinib in combination 
with gemcitabine and cisplatin in chemotherapy-naive 
advanced NSCLC patients did not have improved 
efficacy over gemcitabine and cisplatin alone.29
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Final analysis of AVAiL (AVAstin In Lung cancer) 
trial confirmed the efficacy of bevacizumab when 
combined with cisplatin-gemcitabine. Progression 
free survival benefit did not translate into significant 
overall survival benefit, possibly due to high use 
of efficacious second-line Bevacizumab therapies. 
Unlike a previous non-gemcitabine trial where several 
toxic deaths occurred,30 there was no risk of increased 
treatment related deaths.31

A noninferiority, phase III, randomized study com-
pared the overall survival between cisplatin-gemcitabine 
and cisplatin-premetrexed using a fixed margin method 
(hazard ratio [HR] ,1.176) in 1,725 chemotherapy-naive 
patients with stage IIIB or IV NSCLC. Overall survival 
for cisplatin/pemetrexed was noninferior to cisplatin/
gemcitabine (median survival, 10.3 v 10.3 months, respec-
tively; HR = 0.94; 95% CI, 0.84 to 1.05). Overall survival 
was statistically superior for cisplatin/pemetrexed versus 
cisplatin/gemcitabine in patients with adenocarcinoma 
(n = 847; 12.6 v 10.9 months, respectively) and large-
cell carcinoma histology (n = 153; 10.4 v 6.7 months, 
respectively). In contrast, in patients with squamous cell 
histology, there was a significant improvement in survival 
with cisplatin/gemcitabine versus cisplatin/pemetrexed 
(n = 473; 10.8 v 9.4 months, respectively). This is the first 
prospective phase III study in NSCLC to show survival 
differences based on histological type.32 Pemetrexed/

carboplatin provides similar quality of life and survival 
when compared with gemcitabine/carboplatin with less 
hematologic toxicity and less need for supportive care.33

Gemcitabine-pemetrexed combination is minimally 
active in late-stage NSCLC, with a high incidence 
of grade 3 or 4 toxic effects requiring frequent dose 
adjustments. Gemcitabine dose ,1250  mg/m(2) 
might warrants consideration for future trials 
exploring this doublet. The administration of day 8 
premetrexed immediately after gemcitabine does 
not appear to negatively impact therapeutic index.34 
Sequential pemetrexed/gemcitabine has shown mod-
erate activity and is well tolerated as first-line treat-
ments for advanced NSCLC in elderly patients or 
patients unsuitable for platinum-based combination 
chemotherapy.35

Neoadjuvant chemotherapy
Preoperative chemotherapy has been assessed in several 
studies for patients with resectable NSCLC. It may 
also be useful in patients with locally extensive dis-
ease that cannot be encompassed within a reasonably 
safe RT portal. In this latter case, it can be followed by 
definitive chemoradiotherapy whenever an adequate 
response is achieved. In the largest of the random-
ized neoadjuvant trials to date, a multicenter European 
LU22 trial,36 519 patients with resectable NSCLC 
were randomly assigned to three cycles of neoadjuvant 

Table 2. Gemcitabine non-platinum combination trials.

Regimen dose and schedule N RR (%) OS (months) References
Gemcitabine-docetaxel  
(GD) versus 
- Docetaxel/CDDP (CD) 
- CDDP-vinorelbine (CV) 
- Docetaxel (D) 
- CDDP-gemcitabine (CG)

 
 
441 
331 
350 
108

 
 
GD: 30.2; CD: 32,4 
GD: 31; CV: 35,9 
GD: 25; D: 17 
GD: 40; CG: 34.5

 
 
GD: 9; CD: 9.7 (NS) 
GD: 11.1; CV: 9.6 (NS) 
GD: 5.6; D: 5.1 (NS) 
GD: 8.9; CG: 8.9 (NS)

 
 
[20] 
[21] 
[22] 
[19]

Paclitaxel-gemcitabine  
(PG) versus 
- CBDA-P (PCb)/CBDA-G (GCb) 
 
- CBDA-G (GCb) 
- CBDA-P (PCb)

 
 
1135 
 
552 
509

 
 
PG: 32.1; PCb: 29.8; 
GCb: 25.3 
PG: 31; GCb: 27 
PG: 35; PCb: 28

 
 
PG: 8.5/PCb: 8.7/GCb: 
7.9 (NS) 
PG: 9.97; GCb: 10.49 (NS) 
PG: 9.8; PCb: 10.4 (NS)

 
 
 
[23] 
[24] 
[25]

Vinorelbine-gemcitabine  
(VG) versus 
- CV/CG 
- C-V-G 
- Cb-V

 
 
501 
287 
316

 
 
VG: 25; CG: 30 
VG: 13; GVP: 28.3 
VG: 28; CbV: 20.8

 
 
VG: 9 CG/CV: 8 (NS) 
VG: 9/CVG 8 (NS) 
VG: 11.5; CbV 8.6 (S)

 
 
[26] 
[27] 
[28]
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platinum-based chemotherapy followed by surgery or 
to immediate surgery. At randomization, 93 percent of 
patients had clinical stage I or II disease. The chemo-
therapy regimen varied at different sites; the two most 
widely used combinations were vinorelbine plus cispl-
atin and gemcitabine plus cisplatin. Overall 75 percent 
of patients completed all three cycles of chemotherapy, 
and the objective response rate to chemotherapy was 
47 percent. Despite the observed antitumor activity 
from chemotherapy, there was no improvement in 
progression free survival with neoadjuvant treatment 
(two-year PFS 53 versus 52 percent with immediate 
surgery; HR for recurrence 0.96, 95% CI 0.77–1.21). 
Similarly, there was no improvement in overall sur-
vival with preoperative chemotherapy (five-year sur-
vival 44 versus 45 percent, HR for death 1.02, 95% 
CI 0.80–1.31). Results were not reported as a function 
of stage. The negative results in this trial may be attrib-
uted to the very high percentage of patients enrolled 
with stage I disease.

Another neoadjuvant gemcitabine study, in the 
intention-to-treat population undergoing platinum/
gemcitabine induction chemotherapy, there was a 
high resectability rate (74%); the 5-year survival 
rate was 25%. Median survival in resected cases was 
three-fold greater than in the unresected ones.37

Adjuvant
The completion of large clinical trials assessing the 
activity of platinum-based chemotherapy for com-
pletely resected NSCLC has led to recognition of the 
role of adjuvant platinum therapy in improving outcome 
in this sitting. These results have prompted guidelines 
from American society of Clinical Oncology (ASCO) 
and from the National Comprehensive Cancer Network 
(NCCN) to recommend adjuvant cisplatin-based regi-
men in completely resected stage II and IIIA NSCLC. 
Nonetheless, there is no randomized trial assessing the 
role of adjuvant gemcitabine.

Eastern Cooperative Oncology Group 1505 trial 
is currently underway to investigate the value of the 
antiangiogenic monoclonal antibody bevacizumab. 
Hopefully, it will generate useful data, because three 
different cisplatin-based regimens are being included: 
combinations of cisplatin with gemcitabine, docetaxel, 
and vinorelbine. At present, cisplatin should be the 
platinum compound of choice in the adjuvant setting, 
unless there are medical contraindication.38

Chemoradiotherapy
Concurrent chemoradiotherapy exploits the 
synergistic effect of radiotherapy and chemotherapy 
to enhance local tumor eradication and provides 
early treatment to micrometastatic disease. It has 
become the preferred approach for most patients 
with mediastinal lymph node involvement or T3-T4 
unresectable disease after randomized trials have 
established the superiority of this approach compared 
to sequential treatment. The optimal chemotherapy 
regimen for use with concurrent thoracic radiother-
apy is not known due to a paucity of randomized 
trials comparing different chemotherapy regimens 
in stage III setting. There are several choices avail-
able regarding which chemotherapy to use and how 
to optimally combine them with radiotherapy. Some 
regimens may be associated with increased inci-
dence of pulmonary toxicity. Gemcitabine has activ-
ity in NSCLC, and is a potent radiosensitizer. These 
two characteristics make gemcitabine a potential 
option when treating patients with stage III NSCLC. 
However, there is great concert about toxicity in 
lung cancer. As an example, in a study of 19 patients 
treated with concurrent chemoradiotherapy using a 
gemcitabine  plus carboplatin regimen, six patients 
(32 percent) developed high-grade radiation pneu-
monitis, one of whom died.39

Cancer and Leukemia Group B (CALGB) conducted 
a randomized phase II study in unresectable stage III 
NSCLC of two cycles of induction chemotherapy fol-
lowed by two additional cycles of the same drugs with 
concomitant radiotherapy. Eligible patients received 
four cycles of cisplatin at 80 mg/m2 on days 1, 22, 43, 
and 64 with arm 1: gemcitabine 1,250 mg/m2 on days 
1, 8, 22, and 29 and 600 mg/m2 on days 43, 50, 64, 
and 71; arm 2: paclitaxel 225 mg/m2 for 3 hours on 
days 1 and 22 and 135 mg/m2 on days 43 and 64; and 
arm 3: vinorelbine 25 mg/m2 on days 1, 8, 15, 22, and 
29 and 15 mg/m2 on days 43, 50, 64, and 71. Radio-
therapy was initiated on day 43 at 2 Gy/d (total dose, 
66 Gy). 175 eligible patients were analyzed. Toxicities 
during induction chemotherapy consisted primarily of 
grade 3 or 4 granulocytopenia. Grade 3 or 4 toxicities 
during concomitant chemoradiotherapy consisted of 
thrombocytopenia, granulocytopenia, and esophagi-
tis. Response rates after completion of radiotherapy 
were 74%, 67%, and 73% for gemcitabine, paclitaxel 
and vinorelbine arms respectively. Median survival 
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for all patients was 17 months. One-, 2-, and 3-year 
survival rates for the patients on the three arms were 
68%/37%/28%, 62%/29%/19%, and 65%/40%/23%. 
They concluded the survival rates exceed those of 
previous CALGB trials and could be attributable to 
the use of concomitant chemoradiotherapy.40

Safety
Myelosuppression is the dose-limiting toxicity but 
it is usually mild. It causes less than 1% treatment 
discontinuation. Attention should be paid to hepatic 
and lung toxicities as they may be unusual severe life-
threatening ones.41 Hemolytic uremic syndrome has 
been reported; it is important to monitor for evidence 
of microangiopathic hemolysis (elevation of bilirubin 
or LDH, reticulocytosis, severe thrombocytopenia, 
and/or renal failure.42

Gemcitabine may have radiosensitizing activity 
when given less than 7 days apart from radiation ther-
apy; optimum regimen for combination gemcitabine-
radiation therapy has not been determined for all 
tumor types.

Efficacy, Sensitivity and Resistance
Gemcitabine-cisplatin combination response rates 
range from 31% to 54%, with a median survival time 
between 8.4 and 15.4 months and a 1-year survival 
rate between 30% and 59%.13,14,23,24,26 There are still 
many patients who do not benefit from this therapy. 
The mechanism of initial or acquired resistance to 
gemcitabine chemotherapy remains unknown. Mas-
sive efforts have been carried out to identify biomark-
ers to help clinicians to choose appropriate drugs, by 
identifying potentially sensitive subjects and spare 
toxicities in patients who are unlikely to benefit 
from treatment. Nearly all the available information 
regarding the predictive value of theses markers has 
been derived from retrospective studies. Initial pro-
spective studies showed the feasibility of a custom-
ized approach based on biomarkers assessment, and 
phase III trials will hopefully provide further valida-
tion of this approach.

A number of studies of potential gemcitabine 
resistance mechanisms have been performed in lung 
cancer using polymerase chain reaction (PCR) or 
immunohistochemical methods. Multiple membrane 
transporters, target enzymes, enzymes involved in 
the metabolism of gemcitabine and alterations in the 

apoptotic pathways have been implicated in sensitivity 
and resistance to this drug in a variety of tumor types. 
To date there is evidence that several genes involved 
in gemcitabine metabolism, particularly human 
equilibrative nucleoside transporter 1 (hENT1) and 
cytosolic 5′-nucleotidase type II (cN-II) are involved 
in NSCLC resistance. Resistance has also been linked 
to the expression of DNA repair genes, particularly 
ERCC1 (excision repair cross-complementation 
group 1), ribonucleotide reductase subunits 1 and 2 
(RRM1 and RRM2) though immunohistochemical 
expression of these proteins, RAD51 (ribonucleotide 
reductase 51) and BRCA1 could not be shown to 
have an effect. Recently, multidrug resistance associ-
ated protein 5 (MRP5), a membrane located pump, 
has been implicated in gemcitabine drug resistance. 
Apoptosis genes, DNA repair genes, proliferation 
genes, pumps/detox genes and house-keeping genes 
have been related to drug resistance.43–48

There is increased evidence on ERCC1, RRM1 
and BRCA1  mRNA expression levels and clinical 
outcome of advanced non-small cell lung cancer and 
the possibility to customized cisplatin-gemcitabine 
therapy based on RMA o inmunohistochemical 
results.49–52

As gemcitabine remains the drug of choice for 
pancreatic cancer, new markers are intensively being 
studied in this agent for this disease. This knowledge 
has led to the identification of biomarkers with prog-
nostic or predictive value and the development of novel 
drugs against specific abnormal targets of pancre-
atic tumors. In 2010 ASCO Gastrointestinal Cancers 
Symposium, researchers presented data showing evi-
dence of biomarkers with prognostic value (Abstracts 
166, 140, and 126) and genetic polymorphisms pre-
dicting possibly efficacy of gemcitabine treatment 
(Abstract 166) that could be extensive to lung cancer.

Conclusions
Cytotoxic chemotherapy remains the primary treat-
ment for the majority of patients with NSCLC but 
not all NSCLC will benefit from the same treatment. 
Due to patient heterogeneity, some benefit from most 
active chemotherapy while others do not, although 
they do benefit from a less active drug or combination. 
Patients crossing from one regimen to another in clini-
cal trials commonly show responses, suggesting that 
it might be possible to optimize therapy for individual 
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patients if it were also possible to determine which 
regimen would be the most effective in a given patient. 
Such testing using primary tumor-derived cells are 
time-consuming to perform and need a large amount 
of tumor tissue, far more than it is generally feasible 
to obtain by bronchoscopic or needle biopsy in most 
lung cancer patient.

An increasing knowledge on the molecular mecha-
nisms involved, still largely unknown, will allow a more 
accurate treatment for NSCLC where gemcitabine 
does certainly have a place. The validation of predic-
tive biomarkers to tailor chemotherapy is a key issue 
in the development of effective treatment modalities, 
not only in palliative but also in definitive treatment 
sitting. Examples of how genetics might affect drug 
response are offered by gemcitabine. A substantial 
number of potential biomarkers for sensitivity or 
resistance to gemcitabine have been proposed, includ-
ing ribonucleotide reductase and cytidine deaminase 
polymorphisms, human equilibrative transporter-1 
and ribonucleotide reductase gene-expression and 
AKT phosphorylation status. These markers displayed 
a significant relationship with disease response to the 
drug; however, their robustness needs to be evaluated 
within prospective studies. Moreover, recent trials of 
customized chemotherapy based on genetic markers 
have been carried out in non-small-cell lung cancer 
and promising pharmacogenetic determinants are 
gaining momentum. Hopefully, biomarkers to select 
patients most likely to respond to gemcitabine will be 
validated in the near future.
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