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Purpose: Previous retrospective studies suggest that anaplastic lymphoma kinase (ALK) mutation-positive (ALK+) non-small cell 
lung cancer (NSCLC) patients are sensitive to pemetrexed. To determine its efficacy, we retrospectively evaluated clinical out-
comes of pemetrexed-based chemotherapy in patients with ALK+ NSCLC. 
Materials and Methods: We identified 126 patients with advanced, ALK+ NSCLC who received first-line cytotoxic chemotherapy. 
We compared response, progression-free survival (PFS), and overall survival (OS) rates according to chemotherapy regimens. 
Furthermore, we evaluated intracranial time to tumor progression (TTP) and proportion of ALK+ cells as prognostic factors.
Results: Forty-eight patients received pemetrexed-based chemotherapy, while 78 received other regimens as first-line treatment. 
The pemetrexed-based chemotherapy group showed superior overall response (44.7% vs. 14.3%, p<0.001) and disease control 
(85.1% vs. 62.3%, p=0.008) rates. The pemetrexed-based chemotherapy group also exhibited longer PFS (6.6 months vs. 3.8 
months, p<0.001); OS rates were not significantly different. The lack of exposure to second-generation ALK inhibitors and intra-
cranial metastasis on initial diagnosis were independent negative prognostic factors of OS. Intracranial TTP was similar between 
the treatment groups (32.7 months vs. 35.7 months, p=0.733). Patients who harbored a greater number of ALK+ tumor cells 
(≥70%) showed prolonged OS on univariate analysis (not reached vs. 44.8 months, p=0.041), but not on multivariate analysis 
(hazard ratio: 0.19, 95% confidence interval: 0.03−1.42; p=0.106).
Conclusion: Pemetrexed-based regimens may prolong PFS in patients with ALK+ NSCLC as a first-line treatment, but are not as-
sociated with prolonged OS. Exposure to second-generation ALK inhibitors may improve OS rates in patients with ALK+ NSCLC.
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INTRODUCTION

The advent of tyrosine kinase inhibitors (TKIs) targeting epi-
dermal growth factor receptor (EGFR) or anaplastic lympho-
ma kinase (ALK) have produced notable improvements in 
treatment outcomes for patients with non-small cell lung can-
cer (NSCLC) who harbor genetic aberrancies corresponding 
to these proteins. Other genetic abnormalities, such as ROS1 
or BRAF V600 mutations, are also reported to be targetable 
with specific TKIs.1-4 Additionally, novel therapeutic strategies 
that target immune checkpoint proteins have also shown bet-
ter efficacy than current standard chemotherapy regimens in 
patients advanced NSCLC with programmed death-ligand 1 
expression.5,6 
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Crizotinib is the first TKI approved for the treatment of ALK 
mutation-positive (ALK+) NSCLC. In a large randomized phase 
III trial, more than half of the patients with ALK+ NSCLC ach-
ieved an objective response with a significant survival advan-
tage over cytotoxic chemotherapy.2 However, most responders 
to crizotinib develop secondary resistance within one year. Al-
though next-generation TKIs targeting ALK rearrangements, such 
as alectinib or ceritinib, have been shown to overcome resis-
tance to crizotinib,7,8 patients with ALK+ NSCLC ultimately expe-
rience disease progression. Therefore, cytotoxic chemotherapy 
still plays an important role in the treatment of ALK+ NSCLC. 

Pemetrexed is a cytotoxic chemotherapeutic agent that acts 
as an antimetabolite of folic acid. In a phase III trial, combina-
tion chemotherapy with pemetrexed and cisplatin showed non-
inferiority in patients with advanced NSCLC, and showed su-
perior outcomes, particularly in patients with non-squamous 
cell histology, compared to standard chemotherapy.9 Large 
subsequent studies consistently showed that pemetrexed ex-
hibits significant activity against non-squamous NSCLC pa-
tients: it is now used frequently worldwide.10 Because most pa-
tients with ALK+ NSCLC have non-squamous histology, pe-
metrexed plays an important role in treatment, and some re-
trospective studies have shown that pemetrexed is more bene-
ficial than other conventional cytotoxic chemotherapeutic 
agents in patients with ALK+ NSCLC11-13 However, another study 
showed conflicting results;14 moreover, the original studies had 
important limitations, including heterogeneous populations 
and treatment strategies. Therefore, it remains unclear wheth-
er the clinical efficacy of pemetrexed-based chemotherapy is 
more favorable than that of other agents for patients with ALK+ 
NSCLC. The purpose of this study was to compare pemetrexed- 
and non-pemetrexed-based chemotherapy regimens in pa-
tients with advanced ALK+ NSCLC who received cytotoxic che-
motherapy as first-line systemic treatment.

MATERIALS AND METHODS

Study populations and data collection
We enrolled patients with recurrent or unresectable ALK+ 
NSCLC who were treated between March 2008 and April 2015 
at Seoul National University Bundang Hospital (Seongnam, 
Korea) and Seoul National University Hospital (Seoul, Korea). 
ALK positivity was defined as more than 15% of tumor cells 
exhibiting a split signal by break-apart fluorescence in situ hy-
bridization (FISH) from among 50 or more analyzed tumor 
cells using the LSI ALK break-apart probe set (Vysis, Downers 
Grove, IL, USA).15

The inclusion criteria were 1) histologically confirmed re-
current or unresectable NSCLC; 2) receipt of cytotoxic che-
motherapy in first-line systemic treatment after diagnosis with 
unresectable or recurrent NSCLC; and 3) adequate renal, he-
patic, and bone marrow function. Patients who received ALK-

directed therapy as a first-line systemic treatment were ex-
cluded. 

The following data were retrospectively collected from elec-
tronic medical records: age, sex, smoking history, performance 
status, comorbidities, histologic characteristics [including im-
munohistochemistry (IHC) and molecular profiling], meta-
static burden, disease status, chemotherapy regimen and re-
sponse thereto according to the RECIST 1.1, progression-free 
survival (PFS), intracranial time to tumor progression (TTP), 
and overall survival (OS).16 Smoking history was classified as 
never, light, and heavy corresponding to ≤100 cigarettes in a 
lifetime, ≤10 pack-years, and >10 pack-years of smoking, re-
spectively. Data were collected until February 2016. 

The study protocol was reviewed and approved by the Insti-
tutional Review Board of Seoul National University Bundang 
Hospital (IRB No. B-1607/354-102) and Seoul National Univer-
sity Hospital (IRB No. H-1606-103-771). The study was con-
ducted according to the recommendations of the Declaration 
of Helsinki for biomedical research. 

Statistical analyses
Continuous variables are expressed as means±standard devi-
ations at baseline, while categorical variables are expressed as 
percentages. Student’s t-test and one-way analysis of variance 
were used to analyze continuous variables, whereas the chi-
squared or Fisher’s exact test was used to analyze categorical 
variables. The Kaplan-Meier method and log-rank test were 
used to analyze differences in PFS, intra-cranial TTP, and OS 
depending on the clinical variables. After performing univari-
ate analysis to identify potential prognostic factors, multivari-
ate analysis was performed with Cox regression analysis using 
the enter method. The restricted cubic spline model that in-
cluded the independent variables identified on Cox regres-
sion analysis was used to identify the proportion of ALK+ tu-
mor cells and predict PFS and OS. The clinical impact of the 
proportion of ALK+ tumor cells on outcomes was evaluated 
by the log-rank test and Cox regression analysis. PFS was cal-
culated as the interval between the first day of palliative che-
motherapy and the day of documented disease progression or 
death of any cause; intracranial TTP was calculated as the in-
terval between the first day of palliative chemotherapy and 
the first documentation of objective intracranial progression; 
and OS was calculated as the interval between the first day of 
palliative chemotherapy and the date of death. All p-values 
≤0.05 were considered statistically significant. All statistical 
analyses were performed using SPSS software, version 21 for 
Windows (IBM Corp., Armonk, NY, USA).

RESULTS

Patient characteristics
In total, 126 patients were enrolled in this study, including 48 
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and 78 individuals who received pemetrexed- and non-peme-
trexed-based chemotherapy in the first-line setting, respec-
tively. The characteristics of patients in both groups are shown 
in Table 1 and Supplementary Table 1 (only online). The East-
ern Cooperative Oncology Group performance status was 0 or 
1 in 108 patients (93.1%). Almost all patients (124; 98.4%) had 
adenocarcinoma. Thirty-two patients (25.4%) had intracranial 
metastasis, while the lung was the most common site of me-
tastasis (45.2%). IHC revealed positive expression of ALK in all 
76 patients who were analyzed. Results of ALK FISH analyses 
were available for only 83 patients, as the remaining tissues were 
analyzed only at the central laboratory center during enroll-
ment for the clinical trial. None of the patients harbored EGFR 
or KRAS mutations. Supplementary Table 2 (only online) shows 
the treatment outlines in the two groups. Gemcitabine plus 

either cisplatin or carboplatin was the most common combi-
nation regimen (49.2%). Overall, 116 (92.1%) and 43 (34.1%) 
patients were exposed to one or more ALK inhibitors and sec-
ond-generation ALK inhibitors, respectively. There was no 
significant difference in the types of ALK inhibitor treatments 
between the two groups. Fifty (64.1%) patients were treated 
with pemetrexed-based chemotherapy during the follow-up 
period in the non-pemetrexed-based chemotherapy group. A 
total of 116 patients and 9 patients received platinum doublet 
chemotherapy and maintenance treatment, respectively. Six-
teen patients in each group (33.3% and 20.5%, respectively) 
had intracranial metastasis on initial diagnosis, and more pa-
tients in the non-pemetrexed group tended to receive system-
ic therapy instead of local treatment for their lesions.

Table 1. Baseline Characteristics of Patients (n=126) 

Characteristics Pemetrexed based (n=48) Non-pemetrexed based (n=78) Total
Sex, n (%)

Male 19 (39.6) 39 (50.0)   58 (46.0)
Female 29 (60.4) 39 (50.0)   68 (54.0)

Age (yr) (mean±SD)   54±11   53±12   54±12
BMI (kg/m2) (mean±SD) 23.2±2.7 23.5±2.9 23.4±2.8
Smoking history, n (%)

Never smoker 33 (70.2) 51 (66.2)   84 (67.7)
Light smoker (<10 pack-years)   6 (12.8)   9 (11.7)   15 (12.1)
Heavy smoker (≥10 pack-years)   8 (13.0) 17 (22.1)   25 (20.2)

ECOG performance status score, n (%)
0 20 (46.5) 26 (35.6)   46 (39.7)
1 21 (48.8) 41 (56.2)   62 (53.4)
2 2 (4.7) 6 (8.2)   8 (6.9)

Comorbidities, n (%) 
DM   9 (18.8) 9 (11.5)   18 (14.3)
HTN   9 (18.8) 10 (12.8)   19 (15.1)
Pulmonary tuberculosis 3 (6.3) 2 (2.6)   5 (4.0)
COPD 0 (0.0) 0 (0.0)   0 (0.0)
Other malignancy 1 (2.1) 2 (2.6)   3 (2.4)

Pathology, n (%)
Adenocarcinoma 47 (97.9) 77 (98.7) 124 (98.4)
Sarcomatoid carcinoma 1 (2.1) 0 (0.0)   1 (0.8)
Large-cell carcinoma 0 (0.0) 1 (1.3)   1 (0.8)

Disease state n (%)
Initially unresectable disease 32 (66.7) 61 (78.2)   93 (73.8)
Recurrent disease 16 (33.3) 17 (21.8)   33 (26.2)

Metastasis, n (%)
Intracranial 16 (33.3) 16 (20.5)   32 (25.4)
Liver 4 (8.3) 11 (14.1)   15 (11.9)
Bone 19 (39.6) 27 (34.6)   46 (36.5)
Lung 23 (47.9) 34 (43.6)   57 (45.2)
Pleural 12 (25.0) 28 (35.9)   40 (31.7)
Adrenal 2 (4.2) 4 (5.1)   6 (4.7)

SD, standard deviation; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); ECOG, Eastern Cooperative Oncology 
Group; DM, diabetes mellitus; HTN, hypertension; COPD, chronic obstructive lung disease. 
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Treatment response and PFS following first-line 
cytotoxic chemotherapy
Table 2 shows the responses to first-line cytotoxic chemother-
apy. The objective response rate (ORR) was superior in the 
pemetrexed group (44.7% vs. 14.3%, p<0.001), as was the dis-
ease control rate (85.1% vs. 62.3%, p=0.008). The median PFS 
was significantly longer in the pemetrexed group than in the 
non-pemetrexed group (6.6 months vs. 3.8 months, respec-
tively; p<0.001) (Fig. 1). Factors related to PFS on univariate 
analysis (disease status, first-line platinum doublet chemother-
apy, and first-line cytotoxic chemotherapy regimens) were 
subjected to multivariate analyses for PFS (Table 3). Non-peme-
trexed based chemotherapy was the only independent prog-
nostic factor for poorer PFS on multivariate analysis [hazard ra-
tio (HR): 1.91; 95% confidence interval (CI): 1.27−2.87; p=0.002].

OS following first-line cytotoxic chemotherapy
There was no significant difference in OS between the two 
groups (66.5 months vs. 49.2 months, p=0.919) (Fig. 2A). Expo-
sure to pemetrexed was associated with a longer OS (56.0 
months vs. 27.7 months, p=0.069) (Fig. 2B), although without 
statistical significance. However, OS was significantly longer 
in patients who received a second-generation ALK inhibitor 
(83.7 months vs. 31.4 months, p<0.001) (Fig. 2C). Factors, in-
cluding age, disease status, initial intracranial metastasis, peme-
trexed, and second-generation ALK TKI exposure, were sub-

Table 2. Response to First-Line Cytotoxic Chemotherapy  

Outcome
First-line cytotoxic chemotherapy (n=124)

Overall p value
Pemetrexed-based (n=47) Non-pemetrexed-based (n=77)

ORR+, n (%) 21 (44.7) 11 (14.3) 32 (25.8)
<0.001

ORR-, n (%) 26 (55.3) 66 (85.7) 92 (74.2)
DCR+, n (%) 40 (85.1) 48 (62.3) 88 (71.0)

  0.008
DCR-, n (%)   7 (14.9) 29 (37.7) 36 (29.0)
ORR, objective response rate; DCR, disease control rate. 
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Fig. 1. PFS according to first-line cytotoxic treatment. PFS, progression-
free survival; mPFS, median PFS; mo, months. 

Log-rank p=0.001

 Pemetrexed-based: mPFS 6.6 (5.1−8.1) mo
 Non-pemetrexed-based: mPFS 3.8 (2.8−4.8) mo

jected to multivariate analysis (Table 4), which showed that 
initial intracranial metastasis (HR: 1.90; 95% CI: 1.10−3.27; p= 
0.022) and non-exposure to second-generation ALK inhibitors 
(HR: 2.87; 95% CI: 1.61−5.10; p<0.001) were the only indepen-
dent poor prognostic factors for OS.
 

Clinical impacts of ALK+ cell proportion
Following analysis using the cubic spline model, ALK+ cell pro-
portions of 35, 50, and 70% and of 35, 45, 55, and 70% were se-
lected as candidate cut-off values for predicting PFS and OS, 
respectively. None of these candidate values were associated 
with PFS; however, a >70% proportion of ALK+ tumor cells was 
associated with significantly improved OS, compared to ≤70% 
ALK+ cells (not reached vs. 44.8 months, respectively; p=0.041) 
(Fig. 2D). However, there was no statistical significance for 
this cut-off value on multivariate analysis that included the 
presence of intracranial metastasis or exposure to a second-
line ALK inhibitor (HR: 0.19, 95% CI: 0.03−1.42; p=0.106).

Intracranial activity according to first-line cytotoxic 
chemotherapy
The median intracranial TTP was 32.7 months (95% CI: 19.8− 
45.6) (Supplementary Fig. 1A, only online), and was not differ-
ent between the two groups regardless of initial intracranial 
metastasis status (Supplementary Fig. 1B-D, only online). In 
patients who had intracranial metastasis on initial diagnosis, 
the median intracranial TTP was longer in the pemetrexed 
group than in the non-pemetrexed group, although without sta-
tistical significance (30.5 vs. 6.3 months, respectively; p=0.242) 
(Supplementary Fig. 1D, only online).
  

DISCUSSION

We found that administering pemetrexed-based treatment as 
a first-line palliative cytotoxic chemotherapy is associated with 
better clinical outcomes in terms of ORR and PFS, but not with 
OS. Intracranial metastasis and exposure to second-genera-
tion TKIs were the only independent prognostic factors for OS. 
Pemetrexed-based chemotherapy is not associated with su-
perior intracranial activity, compared to other chemotherapeu-
tic agents. A high proportion of ALK+ tumor cells was also a 
possible prognostic factor for OS; however, multivariate analy-
sis of the factor was not performed because detailed ALK FISH 
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results were only available in a limited number of patients. 
Previous retrospective studies have shown that pemetrexed-

based chemotherapy is associated with a better tumor re-
sponse and prolonged PFS in patients with ALK+ NSCLC, com-
pared to other NSCLC subtypes.11-13 Lee, et al.13 showed superior 
outcomes following pemetrexed single-agent treatment in 
patients with ALK+ NSCLC than in EGFR mutation-positive or 
wild-type NSCLC patients in second-line and subsequent set-
tings, and also reported preclinical evidence of the antitumor 
activity of pemetrexed in ALK+ NSCLC. However, their study 
was a small retrospective study with heterogeneous patients 
and lines of treatment. Two other retrospective studies also 
included heterogeneous populations with different lines of 
treatment and did not directly compare pemetrexed-based 
chemotherapy for ALK+ NSCLC with others.11,12 Most recently, 
Shaw, et al.14 compared the efficacy of pemetrexed and non-

platinum/pemetrexed combinations in patients with ALK+ and 
ALK- NSCLC, and reported that the PFS rates of patients ad-
ministered pemetrexed were similar regardless of ALK status. 
They concluded that only smoking status was predictive of clin-
ical outcomes following pemetrexed-based chemotherapy. To 
the best of our knowledge, our study is the first to compare the 
efficacy of pemetrexed- vs. non-pemetrexed-based chemo-
therapy in patients with ALK+ NSCLC. Some preclinical and 
clinical data have shown that thymidylate synthase is a poten-
tial biomarker of pemetrexed treatment efficacy in patients 
with NSCLC and that levels of thymidylate synthase are lower 
in patients with ALK+ NSCLC.14,17-19 These findings may poten-
tially explain the favorable outcomes for pemetrexed treatment 
in ALK+ NSCLC and our data. The benefit of pemetrexed may 
be related to its histologic subtype of adenocarcinoma rather 
than the molecular profile of ALK mutations. Almost all of the 

Table 3. Analysis of Prognostic Factors for PFS

Variable
Univariate analysis Multivariate analysis

Median PFS (months) 95% CI p value HR 95% CI p value
Age (yr) 0.985

<65 4.9 3.9–5.9
≥65 5.5 3.7–7.3

Sex 0.701
Female 5.1 4.0–6.2
Male 5.4 3.9–7.0

BMI (kg/m2 ) 0.324
<25 5.1 4.3–5.9
≥25 5.9 3.9–7.9

ECOG PS 0.372
0 6.0 4.3–7.7
≥1 4.7 3.7–5.7

Smoking history 0.608
Never smoker 4.9 4.1–5.7
Light smoker 3.9 1.2–6.7
Heavy smoker 5.7 5.0–6.4

Disease state 0.011 1.55 0.96–2.51 0.073
Recurrent disease 6.1 4.3–7.9
Unresectable disease 4.5 3.4–5.6

Intracranial metastasis, initial 0.971
No 5.4 4.4–6.4
Yes 4.7 2.2–7.2

Extracranial metastasis, initial 0.553
No 6.0   0.0–14.8
Yes 5.1 4.3–5.9

Platinum doublet (first-line) 0.137 1.16 0.52–2.61 0.718
Yes 4.7 3.9–5.5
No 6.1 2.5–9.7

First-line chemotherapy <0.001 1.91 1.27–2.87 0.002
Pemetrexed-based 6.6 5.1–8.1
Non-pemetrexed-based 3.8 2.8–4.8

PFS, progression-free survival; CI, confidence interval; HR, hazard ratio; BMI, body mass index (calculated as weight in kilograms divided by height in meters 
squared); ECOG PS, Eastern Cooperative Oncology Group performance status. 
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patients mentioned in the above studies had adenocarcinoma 
histology and pemetrexed showed a better efficacy in ALK+ 
NSCLC in comparison to NSCLC patients with other ALK mu-
tation profiles.11-13 Therefore, we suggest that the better efficacy 
of pemetrexed in these patients is related to the characteristics 
of NSCLC with ALK mutation itself.

Pemetrexed is the preferred regimen in patients with NSCLC 
adenocarcinoma based on the results of previous randomized 
studies.9,10 However, the superior outcomes of pemetrexed in 
such cancers were extrapolated from subgroup analyses in the 
JMDB trial, and there are limited data regarding direct com-
parisons of pemetrexed-based chemotherapy to other regi-
mens, especially when analyzing OS.9 Pemetrexed has a favor-
able toxicity profile; therefore, some clinicians choose non-
pemetrexed based regimens as first-line systemic treatments 
in a palliative setting if patients have good performance status-
es, and reserve pemetrexed for subsequent treatments after 
disease progression when the patients’ general conditions wors-

en. Although pemetrexed-based chemotherapy showed bet-
ter tumor responses and prolonged PFS in our study, it was not 
associated with improved OS. Instead, the presence of intra-
cranial metastasis and exposure to second-generation ALK in-
hibitors were independent predictive factors of OS.9 Based on 
our results, we cautiously recommend that pemetrexed may 
not necessarily be of use in a first-line setting, but that it can be 
utilized as a second- or subsequent-line therapy in patients 
with ALK+ NSCLC. 

Although various ALK inhibitors are considered a standard 
in first-line or second-line treatment strategies for advanced 
ALK+ NSCLC, most patients experience acquired resistance 
to these agents. Therefore, it is clinically meaningful to evalu-
ate the efficacy of cytotoxic chemotherapy before and after 
exposure to ALK inhibitors. A study by Berge, et al.20 reported 
that pemetrexed was active in either crizotinib-naïve (n=9, 
ORR=66%) or crizotinib-pretreated (n=4, ORR=75%) patients 
with ALK+ NSCLC. However, the size of the analyzed popula-
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tions was too small to draw robust conclusions. 

The overall incidence of intracranial metastasis is increas-
ing, and its control is critical in ALK+ NSCLC.21 Crizotinib has 
limited central nervous system penetration, and the disparity 
between intracranial and extracranial responses presents a 
challenge in patients with ALK+ NSCLC.22,23 Although second-
generation ALK inhibitors show promising intracranial activi-
ty in patients with ALK+ NSCLC, cytotoxic chemotherapy still 
has an important role in these patients for the reasons men-

tioned above.7,24 Gandhi, et al.25 reported that high-dose peme-
trexed in combination with high-dose crizotinib after intra-
cranial progression occurs during standard dose crizotinib 
treatment shows positive intracranial responses, and some 
retrospective studies also showed that pemetrexed-based reg-
imens exhibit potential intracranial activity.26,27 In our study, 
pemetrexed-based chemotherapy was not associated with 
prolonged intracranial TTP; however, the study was a retro-
spective analysis and not all of the patients received sched-

Table 4. Analysis of Prognostic Factors for OS

Variable
Univariate analysis Multivariate analysis

Median OS (months) 95% CI p value HR 95% CI p value
Age (yr) 0.001 1.56 0.84–2.88 0.159

<65 57.8 40.8–75.0
≥65 24.7 18.6–30.8

Sex 0.429
Female 56.0 30.8–81.2
Male 44.8 24.9–64.7

BMI (kg/m2 ) 0.319
<25 52.0 19.4–84.6
≥25 42.1 23.6–60.7

ECOG PS 0.483
0 56.0 23.1–88.9
≥1 48.9 29.1–68.7

Smoking history 0.740
Never smoker 49.2 25.8–72.6
Light smoker 66.5   23.5–109.5
Heavy smoker 44.8 19.8–69.8

Disease state 0.102 1.61 0.91–2.86 0.105
Recurrent disease 66.5 43.9–89.1
Unresectable disease 36.4 19.0–53.8

Intracranial metastasis, initial 0.059 1.90 1.10–3.27 0.022
No 59.3 47.4–71.2
Yes 32.1 20.7–43.5

Extracranial metastasis, initial 0.124
No NR NR
Yes 44.8 28.2–61.4

Platinum doublet (first-line) 0.549
Yes 52.0 31.4–72.5
No 29.4   0.0–64.2

First-line chemotherapy 0.919
Pemetrexed-based 66.5   22.8–110.2
Non-pemetrexed-based 49.2 26.9–71.5

Pemetrexed exposure 0.069 1.50 0.82–2.73 0.188
Yes 56.0 41.8–70.2
No 27.7 18.6–36.8

2nd-generation ALKi exposure <0.001 2.87 1.61–5.10 <0.001
Yes 83.7   46.0–121.4
No 31.4 24.7–38.1

OS, overall survival; CI, confidence interval; HR, hazard ratio; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); 
ECOG PS, Eastern Cooperative Oncology Group performance status; ALKi, anaplastic lymphoma kinase inhibitor.
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uled brain imaging evaluations, except those who enrolled in 
clinical trials. Although regular brain imaging evaluation is 
usually performed when only clinically indicated in real prac-
tice, there may be many biases to evaluate intracranial re-
sponse in our data. Therefore, further prospective studies are re-
quired to confirm or refute our results. 

We found that ALK positivity in >70% of tumor cells is asso-
ciated with prolonged OS on univariate analysis, but is not as-
sociated with PFS. Some studies found that the efficacy of cri-
zotinib is correlated with the proportion of ALK+ tumor cells.28,29 
A possible explanation for these results is tumor heterogene-
ity, whose association with acquired resistance and poor re-
sponse to treatment is well known in several types of cancers 
and has also been reported in ALK+ NSCLC.30,31

Our study was a retrospective analysis; however, direct pro-
spective comparison of pemetrexed to other agents in the 
first-line systemic palliative chemotherapy setting in patients 
with ALK+ NSCLC is currently impossible, since crizotinib is 
the treatment of choice in this setting. On the other hand, our 
study was limited to a population that received cytotoxic che-
motherapy as first-line palliative chemotherapy; this relative 
homogeneity, as well as the relatively large number of patients, 
ought to render our results meaningful. The analysis of the im-
pact of ALK+ tumor cell proportions on survival outcomes was 
limited to only some of our patients; therefore, we were able 
to find an association with OS only on univariate analysis, but 
not multivariate analysis. Because our study was a retrospec-
tive analysis, there may be potential selection bias. We could 
not use matching methods to overcome this limitation be-
cause patients with ALK+ NSCLC comprise a very small pro-
portion of patients with NSCLC. Additional larger studies will 
be required to confirm our results. 

A pemetrexed-based regimen may prolong PFS, compared 
to other regimens, in patients with ALK+ NSCLC when admin-
istered as first-line palliative chemotherapy. However, peme-
trexed-based regimens did not exhibit better intracranial ac-
tivity and were not associated with improved OS. Conversely, 
exposure to second-generation ALK inhibitors and no intracra-
nial metastases on initial diagnosis were associated with im-
proved OS in patients with ALK+ NSCLC. The proportion of 
ALK+ tumor cells may also be a possible clinical factor associat-
ed with OS. 
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