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Background: Pemetrexed-platinum doublet therapy is a standard treatment for stage IIIb/IV 

nonsquamous non small cell lung cancer (NSCLC). While the regimen is associated with 

several grade $3 toxicities, hyponatremia is not a commonly reported adverse effect. Here 

we report an unusually high incidence of grade $3 hyponatremia in Indian patients receiving 

 pemetrexed-platinum doublet, and the pharmacological basis for this phenomenon.

Methods: Forty-six patients with advanced NSCLC were enrolled for a bioequivalence study 

of two pemetrexed formulations. All patients received the pemetrexed-platinum doublet for six 

cycles followed by single-agent pemetrexed maintenance until progression.  Pharmacokinetic 

blood samples were collected at predefined time points during the first cycle and the 

 concentration-time profile of pemetrexed was investigated by noncompartmental analysis. 

Hyponatremic episodes were investigated with serum electrolytes, serum osmolality, urinary 

sodium, and urine osmolality.

Results: Sixteen of 46 patients (35%) had at least one episode of grade $3 hyponatremia. Twenty-

four episodes of grade $3 hyponatremia were observed in 200 cycles of doublet  chemotherapy. 

Plasma exposure to pemetrexed was significantly higher in patients with high-grade hypona-

tremia than in those with low-grade or no hyponatremia (P=0.063 and P=0.001, respectively). 

Pemetrexed clearance in high-grade hyponatremia was quite low compared with normal and 

low-grade hyponatremia (P=0.001 and P=0.055, respectively). Median pemetrexed exposure in 

this cohort was much higher than that reported in the literature from Western studies.

Conclusion: Higher exposure to pemetrexed is associated with grade $3 hyponatremia. The 

pharmacogenetic basis for higher exposure to pemetrexed in Indian patients needs further 

investigation.

Keywords: non small cell lung carcinoma, platinum compounds, pharmacokinetics, 

pharmacogenetics

Introduction
The platinum-based doublet is the chemotherapy of choice in patients with stage IIIb/IV 

non small cell lung carcinoma (NSCLC).1 Pemetrexed is given with platinum com-

pounds in patients with the nonsquamous type of NSCLC.2 The pemetrexed-platinum 

combination has an overall survival advantage in patients with NSCLC.3 However, this 

combination is known to cause grade 3/4 adverse drug reactions, including neutropenia, 

thrombocytopenia, anemia, nausea, vomiting, rash, and diarrhea.4

Hyponatremia is not a common adverse drug reaction associated with the 
 pemetrexed-platinum combination. Cisplatin is associated with grade 3/4 hyponatremia 
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in 4%–10% of patients due to renal salt wasting.5 However, 

the incidence of severe hyponatremia with carboplatin is 

much lower, and mostly due to the syndrome of inappropriate 

antidiuretic hormone secretion (SIADH). There are very few 

reports of pemetrexed-induced hyponatremia. According to 

one report, the incidence of hyponatremia was around 2.12% 

in pemetrexed-treated patients.6 However, for reasons that 

are not well understood, a high incidence of hyponatremia 

has been observed in our patients receiving a pemetrexed-

platinum combination for NSCLC. This trend was further 

confirmed during a bioequivalence study of two pemetrexed 

formulations conducted in our center. Here we report the find-

ings of our exploratory study to understand the reasons for 

the high incidence of hyponatremia observed in our patients, 

particularly its correlation with pemetrexed exposure.

Materials and methods
Forty-six patients with NSCLC were enrolled for the 

bioequivalence study (Clinical Trials Registry of India, 

CTRI/2012/09/002972) of pemetrexed (Pemgem™, Dr 

Reddy’s Laboratories Ltd, Hyderabad, India) versus Alimta® 

(Eli Lilly and Company, Indianapolis, IN, USA) in combina-

tion with platinum compounds. Patients received pemetrexed 

500 mg/m2 with either cisplatin 75 mg/m2 or a dose of car-

boplatin based on a target area under the curve (AUC) of 5. 

Pemetrexed was reconstituted in 100 mL of normal saline 

and administered as an intravenous infusion over 10 minutes, 

followed by administration of cisplatin in normal saline or 

carboplatin in 5% dextrose solution over 30–60 minutes. 

The study was approved by the institutional review board 

at our institution. Written informed consent was obtained 

from all patients prior to enrolling them in the bioequiva-

lence study. Patients received the pemetrexed formulation 

of their choice.

Pharmacokinetic blood samples were collected in the first 

cycle during and at various time points after the 10-minute 

pemetrexed infusion. The safety analysis comprised blood 

counts, serum electrolytes, and liver and renal function tests 

as per routine institutional practice. Owing to a high incidence 

of hyponatremia in the first few patients, it was decided 

to do a complete work-up comprising serum osmolality, 

a urine sodium spot test, and urine osmolality in subsequent 

patients whenever a hyponatremia episode was observed. 

Hyponatremia was managed as per standard institutional 

practice. The number of episodes of grade $3 hyponatremia 

over six cycles and number of patients requiring intervention 

in the form of salt tablets or normal saline injections were 

evaluated. After six cycles of the doublet regimen, patients 

were administered single-agent  pemetrexed as maintenance 

treatment according to institutional practice. Hyponatremia 

was graded according to Common  Terminology Criteria for 

Adverse Events, version 4.03.

Pharmacokinetics of pemetrexed
Plasma pemetrexed levels were measured using a vali-

dated high-performance liquid chromatography assay. 

The AUC of pemetrexed and its clearance was estimated 

by  noncompartmental analysis using WinNonlin software 

(WinNonlin Professional, version 6.3, Certara USA, Inc., 

St. Louis, MO, USA).

Statistical analysis
Serum sodium levels were further classified as normal 

(131–145 mEq/L), low-grade hyponatremia (125–130 mEq/L), 

or high-grade hyponatremia (#124 mEq/L). Mean values for 

AUC and clearance was compared between the groups using 

the nonparametric Mann–Whitney U test. The tendency for 

hyponatremia with respect to pemetrexed exposure (AUC) in 

the three groups was analyzed using the Kruskal–Wallis test. 

The effect of covariates on hyponatremia was analyzed using 

logistic regression with backward elimination. A P-value less 

than 0.05 was considered to be statistically significant.

Results
We prospectively evaluated 46 patients with NSCLC who 

received the pemetrexed-platinum doublet regimen. Sixteen 

of 46 patients developed grade $3 hyponatremia at least once 

during the doublet regimen. The baseline  characteristics of 

patients having hyponatremia and those without are shown 

in Table 1. Logistic regression analysis showed that baseline 

variables including age, sex, stage of disease, performance 

status, formulation (Pemgem or Alimta), or regimen (cisplatin 

or carboplatin) did not have any effect on hyponatremia.

Most of the hyponatremia cases were reported during first 

cycle of chemotherapy. There was a total of 26 episodes of 

grade $3 hyponatremia over 200 chemotherapy cycles of 

the doublet regimen. The median number of cycles of che-

motherapy administered was six (range 1–6). Four patients 

were treated with saline injection for hyponatremia. Median 

chloride levels were 91 (84–94) mEq/L, while potassium was 

4.5 (3.58–5.4) mEq/L. Almost all patients had borderline 

low chloride (n=14) and normal potassium (n=16) levels. 

Median serum osmolality was 273 (256–286) mOsmol/kg 

while urine osmolality was 401 (219–635) mOsmol/kg and 

fractional excretion of sodium in urine was 31 (9–93) mEq/L 

(Table 2). Serum creatinine did not change significantly from 
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baseline during the course of treatment, even in those patients 

who developed hyponatremia.

Correlation between pemetrexed AUC, 
clearance, and hyponatremia
Patients with high-grade hyponatremia had a higher AUC 

compared with patients having normal or low-grade 

 hyponatremia (P=0.001 and P=0.063, respectively). There 

was a trend towards progressively more severe hypona-

tremia with higher exposure to pemetrexed (Kruskal–Wallis, 

P=0.006, Figure 1).

Consequently, the clearance of pemetrexed was less 

in patients with high-grade hyponatremia compared with 

those with normal/low grade hyponatremia (P=0.001 and 

P=0.055, respectively). Clearance of pemetrexed (median 

and range) in the normal, low-grade, and high-grade 

groups was 4,021 (1,462–11,698) mL per hour, 3,096 

(2,022–7,336) mL per hour, and 1,569 (638–2,503) mL per 

hour, respectively (Kruskal–Wallis, P=0.007).

Maintenance pemetrexed therapy
Eighteen patients received maintenance pemetrexed 

therapy. Three of 18 patients on maintenance pemetrexed 

developed grade $3 hyponatremia, one of whom was a 

25-year-old woman diagnosed with metastatic papillary 

adenocarcinoma who developed grade 4 hyponatremia 

(sodium 103 mg/dL) on day 4 of the fifth maintenance 

cycle. Other significant biochemical findings included low 

levels of serum chloride (88 mEq/L), low serum osmolality 

(263 mOsmol/kg), high urine osmolality (889 mOsmol/kg), 

and high urine random sodium (170 mEq/L). Serum 

potassium, magnesium, and calcium were within normal 

limits, and the patient was asymptomatic. She was admit-

ted to the intensive care unit and treated with intravenous 

hypertonic saline. Sodium and other parameters returned 

to baseline by day 7 and the patient was discharged.

Table 1 Baseline characteristics

Characteristics Hyponatremic 
patients 
(n=16)

Patients not having  
hyponatremia 
(n=30)

Sex
 Male 12 (75%) 19 (63%)
 Female 4 (25%) 11 (37%)
Age
 ,60 years 9 (56%) 21 (70%)

 .60 years 7 (44%) 9 (30%)
Stage
 Grade 3 1 (6%) 2 (7%)
 Grade 4 15 (94%) 28 (93%)
ECOG PS score
 1 13 (81%) 27 (90%)
 2 3 (19%) 3 (10%)
Pemetrexed formulation
 Pemgem™ 13 (81%) 21 (70%)
 Alimta® 3 (19%) 9 (30%)
Platinum regimen
 Cisplatin 2 (12.5%) 5 (17%)
 Carboplatin 14 (87.5%) 25 (83%)

Notes: Pemgem™ (Dr Reddy’s Laboratories Ltd, Hyderabad, India); Alimta® (Eli Lilly  
and Company, Indianapolis, IN, USA). 
Abbreviations: ECOG, Eastern Cooperative Oncology Group; PS, performance 
status.

Table 2 Serum and urine electrolytes and osmolality profile in patients suffering from hyponatremia (n=16)

Serum electrolytes Serum  
osmolality

Urine  
osmolality

Urinary 
sodiumSodium Potassium Chloride

127 4.6 92 NA NA NA
128 5.3 93 NA NA NA
129 3.58 91 NA NA NA
117 4.2 87 NA NA NA
127 4.5 91 NA NA NA
129 4.3 93 268 635 NA
124 4.49 NA 276 470 25
122 5.4 88 256 442 60
127 4.5 90 258 401 54.6
128 4.7 94 276 491 15
124 4.5 90 272 312 39
129 4.3 96 273 219 9
122 3.85 84 258 309 16
128 4.86 93 277 168 13
128 4.05 93 286 258 37
122 5.3 87 276 471 93

Notes: Normal values are 135–145 mEq/L for sodium, 3.5–4.5 mEq/L for potassium, 98–108 mEq/L for chloride, 40–1,000 mOsmol/L for urine osmolality, and 
275–285 mOsmol/L for serum osmolality.
Abbreviation: NA, not available.
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Discussion
In the present study, an unusually high incidence (35%) 

of hyponatremia was seen in NSCLC on treatment with a 

pemetrexed-platinum combination. Such a high incidence of 

severe hyponatremia has not been reported in the past. Chee 

et al reported a 3% incidence of grade $3 hyponatremia due 

to the pemetrexed-carboplatin combination.7 Their study 

enrolled a similar number of patients as in our study. In 

another study, the incidence of hyponatremia was 0.5%.8 The 

high incidence of hyponatremia in Indian patients suggests 

possible ethnic variations in the disposition and off-target 

effects of the doublet.

Although hyponatremia is not a very common side effect of 

carboplatin or pemetrexed, carboplatin is known to cause severe 

hyponatremia occasionally, mostly due to SIADH.9 Case reports 

have shown that carboplatin can cause SIADH by increasing 

the activity of vasopressin-associated peptide.  Cisplatin on 

the other hand causes hyponatremia by causing direct dam-

age to renal tubular cells, resulting in renal salt wasting.10 

SIADH and renal salt wasting are biochemically identical 

conditions that can only be differentiated on clinical grounds. 

Euvolemia or mild hypervolemia is seen in SIADH, as opposed 

to hypovolemia in renal salt wasting.  Differentiation of these 

two conditions is essential, because treatment requires fluid 

restriction in SIADH and fluid and electrolyte replenishment 

in renal salt wasting. In our study, spot urine sodium excretion 

was higher in patients with hyponatremia and urine osmolality 

was higher than the serum osmolality, suggesting SIADH as the 

likely mechanism of hyponatremia. Further studies that include 

assessment of antidiuretic hormone are required to confirm 

this hypothesis. The severity of hyponatremia had a direct 

correlation with exposure to pemetrexed. Pemetrexed expo-

sure (AUC) in high-grade hyponatremia patients was reported 

to be 427 (305–1,095) µg ⋅ hour/mL, which is  significantly 

higher than the AUC of 182 (99.8–302) µg ⋅ hour/mL reported 

in Western studies.11 It is therefore conceivable that higher 

exposure to pemetrexed is responsible for its hyponatremia 

effects in Indian patients.

The high incidence of hyponatremia observed during sin-

gle-agent maintenance therapy lends further credence to the 

fact that pemetrexed by itself may have hyponatremic effects, 

independent of the coadministered platinum.  Interestingly, 

only one of the three patients had hyponatremia during the 

earlier doublet regimen. Clearance of pemetrexed is known 

to decrease with prolonged treatment,12 which might have 

resulted in higher exposure during maintenance chemo-

therapy in the other two cases.12

Pemetrexed is predominantly excreted by glomerular 

filtration and renal secretion. It is excreted by organic anion 

transporter 3 (OAT3) in the proximal tubule. The frequency 

of the OAT3 allele in the Western population is  approximately 

1%. In vitro assay with three variants (p. Arg149Ser, 

p. Gln239Stop, and p. Ile260Arg) showed complete loss of 

function.13 However, allele frequency has not been reported 

in the Indian population.13 Future  studies should look at 

OAT3 polymorphisms in Indian patients because this could 

explain the increased exposure to and reduced clearance 

of pemetrexed observed in most subjects who develop 

hyponatremia.

This study has an obvious limitation, ie, the correlation 

between pemetrexed exposure and hyponatremia was an 

incidental finding. Knowledge of platinum exposure in this 

cohort of patients would have given a better understanding of 

the nature of the drug–drug interaction between pemetrexed 

and platinum, if any. The plasma levels of pemetrexed may be 

suggestive but do not prove causation, since we do not know 

the plasma levels of the platinum compounds. This potential 

interaction needs to be evaluated in prospectively designed 

clinical trials in the future.

Conclusion
We report a high incidence of severe hyponatremia in 

Indian patients with NSCLC receiving the pemetrexed-

platinum combination. Higher exposure to pemetrexed 

was found in patients with hyponatremia than in those 

without  hyponatremia. The pharmacogenetic basis of this 

 phenomenon in Indian patients needs to be investigated.
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Figure 1 Box-and-whisker plot showing higher AUC values in patients with high-
grade hyponatremia compared with normal and low-grade hyponatremia (normal 
131–145 mEq/L; low-grade 125–130 mEq/L; high-grade ,125 mEq/L).
Abbreviation: AUC, area under the curve.
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