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a b s t r a c t 

( Z )-Endoxifen (4-hydroxy- N -desmethyltamoxifen), an active metabolite generated via actions of CYP3A4 / 5 

and CYP2D6, is a more potent selective estrogen receptor modulator (SERM) than tamoxifen. In the MCF-7 

human mammary tumor xenograft model with female athymic mice, ( Z )-endoxifen, at an oral dose of 4–

8 mg / kg, significantly inhibits tumor growth. ( Z )-Endoxifen’s potential as an alternative therapeutic agent 

independent of CYP2D6 activities, which can vary widely in ER + breast cancer patients, is being actively 

evaluated. This paper describes confirmation of the configuration of the active ( Z )-isomer through 2D NMR 

experiments, including NOE (ROESY) to establish spatial proton–proton correlations, and identification of 

the major impurity as the ( E )-isomer in endoxifen drug substance by HPLC / HRMS (HPLC / MS-TOF). Stability

of NMR solutions was confirmed by HPLC / UV analysis. For pre-clinical studies, a reverse-phase HPLC–UV 

method, with methanol / water mobile phases containing 10 mM ammonium formate at pH 4.3, was developed

and validated for the accurate quantitation and impurity profiling of drug substance and drug product. 

Validation included demonstration of linearity, method precision, accuracy, and specificity in the presence of 

impurities, excipients (for the drug product), and degradation products. Ruggedness and reproducibility of 

the method were confirmed by collaborative studies between two independent laboratories. The method is 

being applied for quality control of the API and oral drug product. Kinetic parameters of Z - to E -isomerization

were also delineated in drug substance and in aqueous formulation, showing conversion at temperatures 

above 25 ◦C. 
c © 2013 Elsevier B.V. All rights reserved. 
. Introduction 

( Z )-Endoxifen (4-hydroxy- N -desmethyltamoxifen), an active 

etabolite of the widely used breast cancer drug tamoxifen, is gener- 

ted via actions of cytochrome P450 (CYP) enzymes CYP3A4 / 5 and 

YP2D6 [ 1 –3 ]. ( Z )-Endoxifen, similar to 4-hydroxytamoxifen, is a 

ore potent selective estrogen receptor modulator (SERM) than ta- 

oxifen, with an IC 50 = 0.01–0.10 μM, when tested in the estrogen- 

timulated proliferation assay in MCF-7 cells [ 1 ]. Additionally, in 

he MCF-7 human mammary tumor xenograft model with female 

thymic mice, ( Z )-endoxifen, at an oral dose of 4–8 mg / kg, signifi- 

antly inhibits tumor growth [ 4 ]. ( Z )-Endoxifen’s potential as an alter- 

ative therapeutic agent independent of individual CYP2D6 activities, 

hich can vary widely in ER + breast cancer patients due to genetic 
* Corresponding author. Tel.: + 1 919 541 6770; fax: + 1 919 485 2650. 

E-mail addresses: elkins@rti.org (P. Elkins) jwhite@mriglobal.org (J. White) 

iup@dtpepn.nci.nih.gov (P. Liu). 

731-7085/ $ - see front matter c © 2013 Elsevier B.V. All rights reserved. 

ttp://dx.doi.org/10.1016/j.jpba.2013.07.010 
polymorphism and / or concomitant medications (e.g., specific selec- 

tive serotonin reuptake inhibitors, SSSRIs), is being actively evaluated 

[ 4 , 5 ]. Direct use of ( Z )-endoxifen may also avoid undesirable drug in- 

teractions with SSSRIs which are often prescribed to ameliorate side 

effects associated with tamoxifen therapy. Endoxifen exists as the 

potently anti-estrogenic ( Z )-isomer and the lesser known ( E )-isomer. 

The chemical structures are shown in Fig. 1 . The ( E )-isomer of 4-OH- 

tamoxifen has been found to be estrogenic or weakly anti-estrogenic, 

while the ( Z )-isomer is a potent antagonist [ 6 ]. It is assumed that 

( E )-endoxifen, structurally related to ( E )-4-OH-tamoxifen, will have 

similar pharmacological properties. The ( E )-isomer is an impurity in 

( Z )-endoxifen drug substance and increases under certain storage 

conditions. The electron-donating phenolic group in the compound 

activates the core ethylene toward protonation; addition and sub- 

sequent elimination of H 

+ is the likely course of isomerization. The 

identity of the ( Z )-isomer, especially the configuration of the ethylene 

in active endoxifen, had not been rigorously established. Previous 

identification of endoxifen isomers by 1 H NMR was empirically based 

on reported trends for the chemical shifts of the –O-CH 2 protons in 
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Fig. 1. Structures of (a) ( Z )-endoxifen HCl and (b) ( E )-endoxifen free base with NMR 

assignment numbering. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the sidechain to be upfield in the ( Z )- compared to ( E )-configuration

for similar triarylethylene compounds [ 7 –10 ]. 

A quantitative assay was needed for determination of endoxifen

purity. Recent publications on the parent compound tamoxifen have

addressed the assay of tamoxifen and its metabolites in biological

matrices with detection by mass spectrometry (see [ 11 ], specifically

b, f, g). The methods either do not fully resolve the ( Z )- and ( E )-isomers

of endoxifen ([ 11 ] (f, g)), or are not stability indicating ([ 11 ] (b, f, g)).

Development and validation of a stability indicating HPLC method

with full resolution of the ( Z )- and ( E )-isomers was pursued with the

specific goal of developing a robust HPLC–UV method for assessment

of potency and quantification of impurities. 

This paper describes the unequivocal determination of the con-

figuration for the ( Z )-isomer of endoxifen as the major component

in biologically active endoxifen drug substance (HCl salt) by 2D and

NOE ( n uclear O verhauser e nhancement) NMR. Identification of sig-

nificant impurities by LC–MS / TOF showed ( E )-isomer to be the major

impurity in endoxifen. Validation of HPLC / UV assay methods devel-

oped for quantitation of ( Z )-endoxifen in drug substance and 20 mg

formulated solid oral drug product is also described. Kinetics of the

isomerization of endoxifen in solid drug substance and an aqueous

formulation stored under controlled conditions are also presented. 

2. Materials and methods 

2.1. Chemicals and reagents 

Drug substances ( Z )-endoxifen hydrochloride (HCl), NSC 750393,

and ( E )-endoxifen, NSC 750182, were provided by NCI (Bethesda, MD,

USA). At NCI’s request, the University of Arizona, College of Phar-

macy provided endoxifen formulation and placebo for stability test-

ing. Dimethyl sulfoxide (DMSO) was B & J Brand High Purity Solvent,

purchased from Honeywell Burdick and Jackson (Muskegon, MI, USA).

Solvent for NMR, DMSO- d 6 , (Isotech, 99.9 atom % D, with 0.05% TMS,

v / v), Fluka ammonium formate (HCOONH 4 ) for HPLC, Fluka formic

acid (HCOOH), and ACS grade HCOOH were purchased from Sigma–

Aldrich (St. Louis, MO, USA). HPLC grade acetonitrile (MeCN) and

methanol (MeOH) were purchased from EMD Chemicals USA (Gibb-

stown, NJ, USA) and from Fisher (Waltham, MA, USA). HPLC-grade

water was obtained from a Picosystem UV Plus purification system

(Hydro Services & Supplies, Inc., Durham, NC, USA) and purified wa-

ter from a Labconco WaterPro PS (Kansas City, MO, USA). Reagents

used for HPLC method validations and drug substance stability stud-

ies included: 97% HCOONH 4 , scintillation grade silicon dioxide, ACS

grade sodium croscarmellose, and Extra Pure microcrystalline cellu-

lose purchased from Acros Organics (New Jersey, USA); certified ACS

grade hydrogen peroxide (30% H 2 O 2 ), NF grade magnesium stearate,

and certified ACS Plus hydrochloric acid (HCl) purchased from Fisher;

88% ACS grade HCOOH and Ultra grade ascorbic acid purchased from

Sigma–Aldrich; ACS grade sodium hydroxide (NaOH) purchased from

VWR / BDH (Radnor, PA, USA). 
2.2. Instruments and analytical parameters 

2.2.1. NMR analysis 

NMR experiments were performed using a 500-MHz Varian Unity

Inova NMR Spectrometer, with TMS in the NMR solvent used as a

reference. 1 H NMR measurements were carried out at 500 MHz, while
13 C NMR experiments were performed at 125 MHz. 

2.2.2. LC–mass spectrometric analysis 

The LC / TOF-MS was an Agilent 1290 UHPLC with 6230 MSD-TOF,

UV diode array detector, and MassHunter software (v. B.02.01, SP1)

(Wilmington, DE, USA). Electrospray ionization (ESI) was used in pos-

itive ion mode with a JetStream source. Data were acquired in a mass

range of m / z 100–1700. Except for injection volume (2 μL), LC condi-

tions were the same as for HPLC–UV analyses in Section 2.2.3 . 

2.2.3. HPLC–UV analysis 

HPLC–UV analyses were performed on a Waters 2695 Separations

Module with Alliance Column Heater and either (1) 996 photodi-

ode array, or (2) 2487 dual absorbance detector (Waters Corporation,

Milford, MA, USA) and (3) a Shimadzu LC-2010CHT equipped with

a Shimadzu diode array detector (Shimadzu Corporation, Columbia,

MD). Acquisition and processing of HPLC / UV data were performed

using Waters Empower 2, Build 2154, and Perkin Elmer TotalChrom

(Ver 6.3.0) data system software. Separation was performed at 30 ◦C

on a 150 mm x 4.6 mm I.D. Luna Phenyl-Hexyl column, with 3 μm

particles (Phenomenex, Torrance, CA, USA). The mobile phase was

a combination of mobile phase A: HCOONH 4 (pH 4.3; 10 mM) in

water–HCOONH 4 (10 mM) in MeOH, with equivalent HCOOH as in

pH 4.3 aqueous (40:60, v / v), and mobile phase B: HCOONH 4 (10 mM)

in MeOH, with equivalent HCOOH as in pH 4.3 aqueous. The seg-

mented, linear gradient program went from 0% to 35% mobile phase

B in 15 min, then to 90% B in 10 min, returning to 0% B and holding for

5 min between injections. The injection volume was 20 μL. The mobile

phase flow rate was 1.0 mL / min, with UV detection at 243 nm. LC / UV

analysis of NMR solutions was performed on a Waters 1525 Binary

Pump with a 1500 Column Heater, 2996 photodiode array detector,

and Empower 2 software (Waters Corporation, Milford, MA, USA) un-

der conditions described above, but using a faster gradient and UV

detection at 220 nm. Mobile phase A was HCOONH 4 (pH 4.3, 10 mM)

in water, and mobile phase B was HCOONH 4 (10 mM) in MeOH with

equivalent HCOOH as in A. The gradient began with a 10-min hold

at 60% B, increased to 70% B in 2 min, then to 95% B in 5 min for a

17 min total gradient time; the gradient was reversed in 5 min, and

initial conditions were held for 10 min between injections (32 min

run time). 

2.3. Sample preparation 

For NMR experiments, 11–12 mg of ( E )- or ( Z )-endoxifen were

dissolved in 1 g ( ∼0.8 mL) of DMSO- d 6 just prior to analysis. For LC

analysis of NMR solutions, ca. 3 mg of test substance (ca. 240 μL)

were diluted to 10 mL with MeCN. This solution was diluted 1:2 with

water for a final concentration of ca. 0.15 mg / mL. Fresh comparison

samples were prepared by adding ca. 240 μL of DMSO to 3–4 mg of

( E )- or ( Z )-endoxifen and diluting to 10 mL with MeCN, followed by

1:2 dilution with water for a final concentration of ca. 0.2 mg / mL. 

Sample diluent for LC analyses was MeCN–HCOONH 4 (pH 4.3,

10 mM) (50:50, v / v). The nominal assay concentration of endoxifen

HCl aqueous formulation and drug substance was ∼0.16 mg / mL in

diluent prepared by dissolving 4 mg in 25 mL. The drug product so-

lutions were prepared at 0.2 mg / mL from placebo spiked with drug

substance (equivalent to the contents of 1 capsule). 

For LC / TOF-MS, a stock solution at 0.165 mg / mL was prepared

by diluting 4.12 mg of ( Z )-endoxifen HCl to 25 mL with diluent. The

stock was diluted serially 1:10 and 1:100 with diluent to produce
Intas Exhibit 1026 
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Fig. 2. HSQC NMR spectrum of ( Z )-endoxifen HCl in DMSO- d 6 . 
olutions at 0.0165 mg / mL and 0.165 μg / mL. The three solutions 

ere used to obtain optimum MS responses for the major component 

nd impurities in confirmation of identity. 

For formulation stability studies, placebo and formulation sam- 

les were prepared. The solid formulation contained endoxifen and 

xcipients in a 49:51 ratio; the solid placebo was 100% excipients. A 

07-mg aliquot of formulation containing 248 mg of endoxifen was 

iluted with 6 mL of water to produce a 41.3 mg / mL endoxifen so- 

ution. Correspondingly, 256 mg of placebo were diluted with 6 mL 

f water. Half of each solution was stored at room temperature, the 

ther half at 45 ◦C. On days 0, 1, 3, 5, 10, and 15, 0.1 mL from each

olution was diluted to 25 mL with diluent for HPLC–UV analysis. 

For bulk stability studies, ∼140-mg aliquots of ( Z )-endoxifen HCl 

rug substance were stored in tightly capped, clear glass vials at 5 ◦C 

nd 25 ◦C / 60% RH for 12 months, and at 40 ◦C / 75% RH for 6 months.

t 0, 3, 6, 9, and 12 month time points, samples were analyzed for 

PLC assay and impurities, moisture by Karl Fischer titration, and 

ppearance. 

In forced degradation studies, solutions of approximately 0.32 mg / 

L endoxifen HCl were prepared for degradant conditions (1.5 N HCl, 

.75 N NaOH, and 3% H 2 O 2 ) and a control sample by diluting ∼3.2 

g endoxifen HCl with the appropriate degradant solution in 10-mL 

asks. Each condition was stored for ∼24 h at –20 ◦C, 5 ◦C, ambient, 

nd 60 ◦C. Control samples at ambient and 60 ◦C were stored under 

aboratory light and in the dark. Prior to analysis, acidic and basic 

olutions were neutralized and oxidized samples were diluted with 

n equivalent amount of diluent to yield ∼0.16 mg / mL solutions. 

dditionally, an ∼0.16 mg / mL solution was prepared for analysis from 

n aliquot of bulk drug kept at 80 ◦C under laboratory light for 24 h 

o evaluate thermal degradation. The HPLC analysis used a Shimadzu 

iode array detector. 

. Results and discussion 

.1. NMR studies in (Z)- and (E)-isomers 

The structure of the ( Z )-isomer of endoxifen was confirmed by 

emonstrating the proximate spatial relationship of key protons on 

he ethyl group and aromatic rings when in the ( Z )-configuration. 

tructures of ( Z )-endoxifen HCl and (E) -endoxifen, annotated with 

MR reference numbers, are shown in Fig. 1 . The 1 H and 

13 C NMR 

ata, and proposed assignments for the two isomers are presented in 

able 1 . 

Unequivocal assignment of ethyl (H19, H20), ethanolamine (H5, 

6), and N -methyl (H8) protons was made starting from the charac- 

eristic chemical shifts of their adjacent carbons in the 13 C spectrum. 

orrelations between directly attached protons and carbons in the 

SQC ( h eteronuclear s ingle q uantum c orrelation) spectrum, Fig. 2 , 

ere then used to determine corresponding protons. The five protons 

f the mono-substituted aromatic ring (H14–H16) were identified as 

he multiplet at 7.10 ppm and a multiplet at 7.17 ppm. 

Direct assignments for protons of the two para-disubstituted aro- 

atic rings (C1–4, C9–12) were not possible (HSQC, Fig. 2 ) due to the 

igh degree of similarity in the proton and carbon chemical shifts. In 

he COSY ( co rrelated s pectroscop y ) spectrum ( Fig. 3 a), the two dou- 

lets associated with each ring were paired (H2, H3 and H10, H11) 

sing proton-proton vicinal couplings. 

To differentiate the two rings, the ring with the ethanolamine sub- 

tituent was first assigned by through-space correlation of H5 in the 

thanolamine with the doublet for the aromatic proton at 6.64 ppm 

n the ROESY ( Ro tating frame e nhancement s pectroscop y ) spectrum 

 Fig. 3 b), identifying this proton as H3; and therefore, the doublet at 

.74 ppm as H2. The remaining two doublets were then assigned to 

10 and H11. 

With all protons assigned, the clear and definitive correlations 

etween H10 and H19 and somewhat stronger correlation between 
H10 and H20 in the ROESY spectrum provided the most conclusive 

evidence for the proximate locations of these protons confirming the 

( Z ) orientation. A weaker supporting correlation was observed be- 

tween H2 and H14 and also suffered from overlap of the H2 and H11 

resonances. 

In ( E )-endoxifen, resolution of the two pairs of aromatic proton 

signals was unsuccessful due to extensive overlap of both carbon and 

proton signals of H2 and H10 with other resonances in all spectra, 

especially in the COSY spectrum, in which this critical distinction 

had been made for the ( Z )-isomer. Therefore, NMR alone could not 

confirm the isomeric configuration for ( E )-endoxifen; however, com- 

parison with published NMR data ([ 10 ], p. 2008, cis- endoxifen) and 

determination of exact mass by HRMS ( Section 3.2 , below) verified its 

identity. 

HPLC / UV analysis based on % total area showed that NMR samples 

were stable and that results were not affected by conversion during 

the experiments. The fresh ( Z )-isomer solution was 95.7% Z and 3.7% 

E vs. 92.0% Z and 7.4% E after NMR analysis. Fresh ( E )-isomer solution 

was 97.1% E and 2.9% Z vs. 96.9% E and 3.1% Z after NMR analysis. 

3.2. LC / TOF-MS studies 

The accurate mass was determined for the major component and 

(non-blank) impurities present at > 0.1% of total area (UV detection) in 

the concentrated sample. The major component and larger impurity 

had the same molecular formula, consistent with the structure of en- 

doxifen, but LC / MS could not distinguish the ( E )- and ( Z )-isomers. The 

molecular formula of a smaller, earlier-eluting impurity at RRT 0.85 

(RT 8.94 min) was consistent with loss of a methyl group (desmethyl- 

endoxifen). Thus, LC / MS results confirmed the major peak and the 

impurity at RRT 0.89 (RT 9.40 min) as endoxifen isomers; NMR studies 

with corresponding HPLC analyses confirmed the major component 

as ( Z )-endoxifen, and the minor component as the ( E )-isomer. Table 2 

shows LC / MS data with formula assignments for impurities and the 
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Table 1. 

Proton and carbon chemical shifts and structural assignments for ( Z )-endoxifen HCl and ( E )-endoxifen. 

Assignment ( Z )-Endoxifen HCl ( E )-Endoxifen 

Chemical shift (ppm) Chemical shift (ppm) 

Carbon Proton No. of protons Multiplicity a Carbon Proton No. of protons Multiplicity a 

20 13.41 0.85 3H t, ( J = 7.3 Hz) 13.45 0.85 3H t, ( J = 7.3 Hz) 

19 28.59 2.41 2H q, ( J = 7.3 Hz) 28.49 2.39 2H q, ( J = 7.3 Hz) 

8 32.70 2.56 3H s 35.97 2.35 3H s 

6 47.24 3.23 c 2H t, ( J = 4.9 Hz) 50.16 2.85 2H t, ( J = 5.6 Hz) 

5 62.98 4.11 c 2H t, ( J = 4.9 Hz) 66.86 4.03 2H t, ( J = 5.6 Hz) 

3 113.48 6.64 2H d, ( J = 8.7 Hz) 114.06 6.92 2H d, ( J = 8.7 Hz) 

11 115.01 6.76 2H d, ( J = 8.7 Hz) 114.29 6.40 2H d, ( J = 8.7 Hz) 

16 126.02 7.10 1H m 125.91 7.09 3H m 

15 127.93 7.17 2H t, ( J = 7.0 Hz) 127.85 7.18 2H t, ( J = 7.3 Hz) 

14 129.40 7.10 2H m 129.39 7.09 3H m 

10 130.11 6.97 2H d, ( J = 8.7 Hz) 130.13 6.60 2H d, ( J = 8.7 Hz) 

2 131.49 6.74 2H d, ( J = 9.4 Hz) 131.38 7.09 2H d, ( J = 9.4 Hz) 

9 133.78 – 133.62 –

1 136.24 – 135.72 –

17 137.76 – 137.89 –

18 140.18 – 139.72 –

13 142.18 – 142.24 –

4 155.54 – 155.23 –

12 156.19 – 157.24 –

12-OH – 9.50 1H s – 9.19 1H br s 

7-NH – 9.03 2H 

b br s – –

a With coupling constant, J , if applicable. 
b Integral presumably includes proton from HCl. 
c NMR results for these methylene protons in Z -endoxifen (free base) have been reported by Ali et al.: δ 2.74 ppm (t, J = 5.6 Hz, 2H, CH 2 - N ); 3.86 ppm (t, J = 5.6 Hz, 2H, CH 2 - O ) [ 12 ]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

major component. 

3.3. HPLC method validation 

3.3.1. Method development 

A validated HPLC method was sought for analysis of ( Z )-endoxifen

drug substance and formulation. Optimization included stationary

phases scouting, which showed the Luna phenyl-hexyl column to

provide excellent chromatography and resolution. Likewise, explo-

ration of mobile phase conditions indicated that a mildly acidic (pH

4.3) ammonium formate buffer / methanol mobile phase with gradient

elution was ideal. 

3.3.2. System suitability 

The system suitability requirements for this method were estab-

lished as shown in Fig. 4 , which also shows a representative chro-

matogram for endoxifen analysis. 

3.3.3. Selectivity and sensitivity 

Forced degradation studies on solutions of acid, base, and perox-

ide, and on the bulk drug substance under photo and thermal ex-

posure, revealed that ( E )-endoxifen and various degradation prod-

ucts were well separated from ( Z )-endoxifen and demonstrated peak

homogeneity via diode array analysis of ( Z )-endoxifen for all degra-

dation conditions. Significant degradation ( ≤54% remaining vs. fresh

( Z )-endoxifen sample) occurred in acid and base under all conditions

and in peroxide with light and heat (Supplementary Table 1). ( E )-

endoxifen was identified as the primary degradant. Five replicate in-

jections of a 0.016- μg / mL solution (0.01% of the target concentration)

generated a %RSD ≤ 15% and a signal-to-noise (S / N) value of eight;

therefore, the 0.01% solution was assigned as the LOQ, and the LOD

was determined to be 6 ng / mL. 

3.3.4. Linearity 

The linearity of the test sample response was evaluated by analysis

of five solutions ranging from 50% to 150% of the target concentration

of 0.16 mg / mL. A first-order least squares linear regression analysis of
the peak responses versus concentrations was used to assess linear-

ity, which showed y = 55,493,345 x + 45,290 ( r = 0.999) for the drug

substance. To evaluate the response of related impurities, a 0.1% so-

lution was also examined, and the result was found to be linear when

averaged and included with the standard curve points ( r = 0.999).

For the drug product, three solutions ranging from 75% to 125% of the

target concentration of 0.2 mg / mL were used to assess linearity. The

results showed y = 55,082,874 x – 55,579 ( r = 0.999). Linearity plots

are shown in Supplementary Fig. 1. 

3.3.5. Method precision and accuracy (recovery) 

For the drug substance, nine sample solutions were prepared con-

taining approximately 0.16 mg / mL endoxifen HCl dissolved in sample

diluent. Method precision, evaluated as the %RSD of the relative re-

sponse factors (RRF), was 1.2% (Supplementary Table 2). Accuracy

was found to be 101.2%, evaluated by determining the average RRF

of three randomly selected sample solutions and comparing to the

average RRF of the remaining six sample solutions. 

Likewise, for the drug product, three solutions were prepared

(placebo spiked with drug substance) at 0.2 mg / mL. Method pre-

cision was 2.0% RSD and accuracy was found to be 99% (results are

shown in Supplementary Tables 3 and 4). 

3.3.6. Stability of analytical solution 

Sample solution stability was determined from solutions contain-

ing approximately 0.16 mg / mL endoxifen HCl dissolved in the sam-

ple diluting solution. The solution was stable at ambient temperature

through 48 h (assay values of 99.3 and 98.5% for 24 and 48 h, re-

spectively) and at 5 ◦C through 72 h (assay values of 99.7, 100.2, and

100.0% for 24, 48, and 72 h, respectively). The solution stability for the

drug product similarly showed stability for up to 72 h at both ambient

and refrigerated conditions. 

3.3.7. Intermediate and inter-lab precision 

The chromatographic method was evaluated by a second analyst

at MRIGlobal as well as by an analyst at RTI International. All results

were comparable to those obtained by the original analyst. Results

are provided in Supplementary Table 5. 
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Table 2. 

LC / MS accurate mass determination for endoxifen and impurities. 

Peak no. 

Retention time 

(min) a 
Area% of major 

component Sample conc. 

Retention time 

(min) b 

Exact mass of 

[M + H] + Ion 

(amu) 

Formula 

assignment of 

neutral species 

Mass error of 

assigned formula 

(ppm) 

1 8.940 0.12 0.165 mg / mL 8.940 360.1970 C 24 H 25 NO 2 −3.32 

2 9.400 2.28 0.0165 mg / mL 9.393 374.2118 C 25 H 27 NO 2 −0.75 

3 10.540 100 0.165 μg / mL 10.533 374.2123 C 25 H 27 NO 2 −2.11 

a In 0.165 mg / mL sample, UV detection. 
b For sample used for accurate mass determination, UV detection. 

Fig. 3. (a) COSY NMR spectrum and (b) ROESY NMR spectrum, both ( Z )-endoxifen HCl 

in DMSO- d 6 . 

3

b

t

Fig. 4. Representative HPLC chromatogram for assay of ( Z )-endoxifen in (a) a 0.165 

mg / mL solution of ( Z )-endoxifen HCl and (b) blank diluent. 
.3.8. Robustness 

The robustness of the chromatographic system was determined 

y changing the mobile phase, including organic content ( ± 2.5%) for 

he starting gradient, the pump flow rate ( ± 0.2 mL / min), and the pH 
of the aqueous portion of the mobile phase ( ± 0.25 units). 

The chromatographic system was shown to be relatively robust, 

with no significant variations in retention time, efficiency, asymme- 

try, resolution, or relative standard deviation (%RSD) for any of the 

conditions; system suitability criteria ( Fig. 4 ) for these parameters 

were met in all cases (Supplementary Table 6). 

3.4. Stability studies and kinetics 

3.4.1. Aqueous formulation 

In an aqueous ( Z )-endoxifen formulation monitored for 15 days 

at room temperature and 45 ◦C along with a placebo, the compound 

remained essentially unchanged at room temperature throughout the 

period, but degraded significantly at the elevated temperature (from 

98% to 75% of total area on day 15). The ( E )-isomer was the only 

impurity observed on day 0 (2.3% of total area) and was the largest 

impurity observed after 15 days at 45 ◦C, accounting for 25.2% of 

total area. Six other minor impurities were observed which together 

accounted for 1.5% of total area. 
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3.4.2. Bulk drug 

Bulk drug stability studies of ( Z )-endoxifen stored at 5 ◦C and

25 ◦C / 60% RH for 12 months, and 40 ◦C / 75% RH for 6 months showed %

total chromatographic area (starting at 98%) for the major component

to be stable at 5 ◦C (97%), with slow degradation to 96% at 25 ◦C / 60%

RH. The compound showed rapid degradation to 87% at 40 ◦C / 75%

RH in 3 months, and little additional change at 6 months (also 87%).

The decrease in ( Z )-endoxifen was accompanied by a corresponding

increase in % ( E )-endoxifen. As in stored aqueous formulation, ( E )-

endoxifen was the largest impurity at all conditions throughout the

storage periods; three other minor impurities were observed. 

3.4.3. Kinetics of the formation of E-isomer in solution and in bulk drug

Kinetic profiles for the ( E )-isomer in aqueous ( Z )-isomer formu-

lation, stored at room temperature and 45 ◦C, and bulk drug, stored

at 25 and 40 ◦C / 75% RH, were generated from the stability data. The

( E )-isomer kinetic equations (ln of % total area vs. time) for room tem-

perature, ln % area = 0.0099 t + 0.8310 ( r 2 = 0.9006), and for 45 ◦C,

ln % area = 0.17351 t + 0.7328 ( r 2 = 0.9810), were used to calculate

predicted t 90 values for storage at room temperature (149 days) and

45 ◦C (9.0 days). These intervals represent the time for 10% conversion

to ( E )-isomer in the active drug, ( Z) -isomer, as an aqueous solution. 

Arrhenius equations (ln k vs. 1 / absolute temperature, K)

were generated from solid drug substance stability data as:

y = −12162 x + 34.648, r 2 = 0.976 for degradation of ( Z )-isomer

(at 5 ◦C and 25 ◦C / 60% RH for 12 months, and 40 ◦C / 75% RH for 6

months) and y = −15662 x + 50.601, r 2 = 1, for formation of ( E )-

isomer (at 25 ◦C / 60% RH for 12 months, and 40 ◦C / 75% RH for 6

months). From ( E )-isomer formation data, predicted t 90 values for

10% conversion to ( E )-isomer in the active drug, ( Z) -isomer, in the

solid state were determined to be 52.7 months at 25 ◦C / 60% RH and

4.3 months at 40 ◦C / 75% RH. The intervals were calculated as: shelf-

life ( t 90 ) = ([ D ] − [ D 0 ]) / A exp( E a / RT), where [ D ] = 10, [ D 0 ] = 2.29, and

R = 1.987 cal mol −1 K 

−1 , with calculated values A = 9.46 × 10 21 % /

month and E a = 31.1 kcal / mol. 

4. Conclusions 

The ( Z )-configuration in the active drug endoxifen HCl was con-

firmed independently by 2D NMR, using ROESY to establish key spatial

proton–proton correlations. The ( E )-isomer, though not fully resolved

by NMR, was confirmed by comparison to the published data and ac-

curate mass determination (HRMS). An accurate, precise, linear, spe-

cific, and sensitive HPLC method was developed and validated for the

analyses of endoxifen HCl. The method is being applied for the quality

control of the API and oral drug product. Determination of kinetic pa-

rameters for the isomerization in solution and in solid state, showed

facile conversion of ( Z )- to ( E )-isomer at temperatures above 25 ◦C. 
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