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RESPUESTA A LA OPOSICIÓN NOTIFICADA MEDIANTE OFICIO No 7285, 

NOTIFICADO EL 5 DE TULIO DE 2017 

CARLOS R. OLARTE, mayor de edad y vecino de Bogotá, identificado tal como aparece 

al pie de mi firma, en mi carácter de apoderado de la soziedad solicitante, me permito 

manifestar lo siguiente, dentro del plazo de prórroga previsto en el Artículo 43 de la 

Decisión 486, ante la oposición interpuesta por el doctor Tito Noé Parra Murillo, actuando 

como apoderado de la sociedad Laboratorios Fra-co Colonbiano S.A.S. LAFRANCOL 

S.A.S. 

Medelk 
María C. Múner 

Eddie Manota 
Adrián Santamad 
Camilo A. Berna 

Daniela Loper 
juliana Annyavt 

Daniel R. Durang 
Laura Múner 

Cristian H. Ocarnp 
Sara Lópe 

Alvaro A. Fonsec 
Estefarúa Varga 

Andrés F. Ramo 

Barmnquili 
Beatriz E. Morale 

José J. Dangon 
Iván D. Herrer 
Lialy L. Blano 

Bueammang 
Javier F. Ardan. 

Viviana A. Salamane 

Tokr 
Carlos A. Pan 

1. 	En primer lugar, con el ánimo de bnndar mayor claridad a la materia reivindicada, 

me permito presentar un Capítulo Reivindicatorio Modificado, que reemplaza en su 

totalidad al Capítulo Reivindicatorio presentado el 26 de septiembre de 2016 en respuesta 

al examen de forma. 

Así entonces, el Capítulo Reivindicatorio Modificado ilsjunto contiene los siguientes 

cambios: 

se eliminan las Reivindicaciones 1 a 21 y 23; 

las nuevas Reivindicaciones 1 a 9, 12, 14 a 1(4 19 i 22 y 26 a 30 corresponden a 

las antiguas Reivindicaciones 22 a 31, 33 a 35,38 a 46, respectivamente; 
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en la nueva Reivindicación 8 se sustituye el término "251" por "25.1"; 

se adicionan las nuevas Reivindicaciones 10, 11 y 23 a 25 que tienen soporte en 

las páginas 17, 21, 22 y 43 del Capítulo Descriptivo; 

las nuevas Reivindicaciones 13 y 17 corresponden a la antiguas 

Reivindicaciones 31 y 36, en donde se adicio:la en el ítem a. "que produce un 

patrón de &fracción de rayos X en polvo (Xlif'D) que tiene difracciones en 

ángulos (2 theta 0.2) de 4.4, 8.8, 11 (I, 14.9 y 17.7," y "designada como 

Forma 2", respectivamente, que tient; soporte en la página 3 del Capítulo 

Descriptivo; 

la nueva Reivindicación 18 coiresponde a la antigua Reivindicación 37, en 

donde se adiciona "o una sal farmacéuticamemte aceptable de la misma" que 

tiene soporte en la página 5 del Capítulo descriptivo; 

las dependencias de las reivindicacion2s se adecuaron de acuerdo a la nueva 

numeración. 

Valga anotar que las modificaciones efectuadas en el Capítulo Reivindicatorio cumplen a 

cabalidad con lo estipulado en el Artículo 34 de la Decisión 486, ya que éstas de ninguna 

manera implican una ampliación de la protección e irrespondiente a la divulgación 

contenida en la solicitud original. Éstas por el contrarío corresponden a una limitación de 

la materia reclamada. 

2. 	a- 	El Opositor sostiene que las patentes W02004/039814 (D1), W02013/063275 

(D2), W02013/036783 (D3) y US5254545 (04) afeaa el nivel inventivo de la presente 

invención. 

El Opositor argumenta que D1 describe un comob,sto de formula (I) 
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o una sal farmacéuticamente aceptable del mismo, tale, como, hidrocloruro, hidrobromuro, 

sulfato, hidrógeno sulfato, sal de fosfato, etc. Particularinente, el ejemplo 7 de DI describe una 

sal de ácido sulfúrico liofilizada de 7 [13]-[(Z)-2-(5-amlno-1,2, 4-tiadizol-341)-2-(1-carboxi-1-

metiletoxiimino) acetamido]-3-{3-amino-4[3-(2-aminoetiflureido]-2-metil-l-pirazolio) metil-3-

cefem-4-carboxilato como un polvo amorfo. Posteriormente, se realizó un procediemiento de 

siembra para producir 7 [13]-[(Z)-2-(5- armno-1,2, -fiadizol-541)-2-(l-carboxi-1-metiletoxiimino) 

acetamido]-3- {3-amino-4[3-(2-aminoetiflureido]-2-metil- i -pirazolio)metil-3-cefern-4- 

carboxilato sulfato de hidrógeno cristalino. El análisis de di Succión de rayos X (XRDP) de dicho 

cristal comprende los siguientes picos (2 theta ± 9.2): 	12.7, 13.8, 16.1, 18.9, 20.4, 21.5, 22.4, 

23.3, 24.0, 25.5, 26.7, 27.9, 28.5 y 31.3. 

En cuanto a D2, el Opositor señala que describe un envase de vidrio farmacéutico resistente a la 

deslaminación particularmente adecuado para composiciones farmacéuticas que comprenden un 

ingrediente farmacéuticamente activo seleccionado del grupo que consiste en sulfato de 

ceftolozano, tazobactam sódico, ceftarolina fosamil, bilacidina y fosfato de tedizolid. 

Adicionalmente, D2 describe una combinación que ...onsiste en CXA-101 (ceftolozano) y 

tazobactam. 

D3 describe un método para tratar una infección intrapulmonar que comprende la etapa de 

administrar una composición farmacéutica que comprende ceftolozano y tazobactam. 

Finalmente, respecto a D4, el Opositor señala que D4 dese .ibe una preparación que contiene 7f1-

{2-(5-amino-1,2,4-tiadiazol -341)-(Z)-2-fluoratnetoxii minoacetami do } -3- {E)-3-(carbamoilmetil 

etilmetilamonio)-1-propen-141}-3-cefem-4-carboxilato de etilo, o una sal farmacéuticamente 

aceptable del mismo y de 0.1 a 1.3 partes en peso de lactosa, de 0.01 a 0.065 partes en peso de 

arginina o un clorhidrato del mismo o cloruro de sodio. Las sales farmacéuticamente aceptables 

descritas en D4 son sales de adición de ácido tales come clorhidrato, sulfato, citrato y tartrato. 

Adicionalmente, D4 se refiere a una inyección liofilizada enfrío una modalidad preferida. 

De acuerdo con la interpretación anterior de DI a 1)4, el Opositor concluye que las formas 

sólidas de ceftolozano son obvias, y por lo tanto, cacen de nivel inventivo. 

b- 	i) 	En primer lugar, de Puevo me pe; mito llamar la atención sobre las 

modificaciones realizadas en el Capítulo Reivindicatorio Modificado adjunto como se 

menciona en el primer punto del presente memorial, en donde se eliminan las 

Reivindicaciones 1 a 21 y 23. De esta manera, las nuevas Reivindicaciones 1 a 9, 12, 14 a 
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16, 19 a 22 y 26 a 30 corresponden a las antiguas Reivindicaciones 22 a 31, 33 a 35, 38 a 

46, respectivamente. De hecho, vale la pena menciona: que el Capítulo Reivindicatorio 

Modificado adjunto corresponde al mismo que fue concedido en Estados Unidos 

(US8,906,898). 

Asimismo, se adicionan las nuevas Reivindicaciones 10, 11 y 23 a 25 y las nuevas 

Reivindicaciones 13 y 17 corresponden a la antiguas R Uv:ndicaciones 31 y 36, en donde 

se adiciona en el ítem a. "que produce un patrón de (»fracción de rayos X en polvo 

(XRPD) que tiene &fracciones en ánguks (2 theta ± 0.2) de 4.4, 8.8, 11.0, 14.9 y 17.7," y 

"designada como Forma 2", respectivamente. Además, la nueva Reivindicación 18 

corresponde a la antigua Reivindicación 37, en donde se adiciona "o una sal 

farmacéuticamente aceptable de la misma". 

Adicionalmente, cabe resaltar que la nueva Reivindica&ór, 1 ahora reclama "una forma 

sólida de sulfato de ceftolozano que produce un patrón difracción de rayos X de polvo 

(XRPD) que tiene &fracciones en ángulos (2 theta ± 0.1) de 4.4, 8.8. 11.0, 14.9, y 17.7." 

ii) 	Vale la pena señalar que las nuevas reivindicaciones de la presente 

invención están dirigidas a una forma sólida 2 de sulfatc de ceftolozano que produce un patrón 

de difracción de rayos X de polvo (XRPD) que tiene clifra•;ciones en ángulos (2 theta ± 0.2) de 

4.4, 8.8. 11.0, 14.9, y 17.7 y composiciones farmacéuticas iofilizadas de los mismos. 

Ahora bien, respecto al arte previo, es impartas rescatar que D1 describe un compuesto de 

fórmula (I), o una sal farmacéuticamente aceptable del mismo, un proceso para preparar un 

compuesto de la fórmula (I), y una composición que comprende un compuesto de la fórmula (I) 

en mezcla con un vehículo farmacéuticamente aceptable. En particular, en la página 44 y 45 de 

D1 se revelan los picos del cristal de sulfato de ceftolozano 'en donde los picos característicos de 

difracción de rayos X son: 8.0, 12.7, 13.8, 16.1, 119, 20.4, 21.5, 22.4, 23.3, 24.0, 25.5, 26.7, 

27.9, 28.5 y 31.3. Sin embargo, comparando el patrór de (-atracción de rayos X de polvo que 

caracteriza el cristal en D1 y el reclamado en la pr:sente invención, son claramente diferentes, 

puesto que no tienen el mismo compon2miento ante la difi acción de rayos X, por lo tanto para 

una persona medianamente versada en la wateria es tota'mmte claro que el cristal reclamado en 

D1 no tiene la misma estructura que el cristal rec)amade en la presente invención. 

En cuanto a D2, describe la identifícaejón de un redpiente farmacéutico formado y una 

composición de vidrio que exhibe una propen3itn reducida a la deslaminación, es decir, una 
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propensión reducida a desprender partículas de vidrio. Como resultado, los recipientes descritos 

son particularmente adecuados para el almacenamiento de composiciones farmacéuticas y, 

específicamente, una solución farmacéutica que comprende un ingrediente farmacéuticamente 
.r. 

activo. En otras palabras, D2 se relaciona con un producto farmacéutico que comprende una 

composición de vidrio y opcionalmente un antibiótico 	como ceftolozano o tazobactam. Sin 

embargo, el objetivo divulgado en D2 y im presente i:riVención es diferente, debido a que la 

invención reclama un cristal específico de sulfato de cdtolozano definido por:  su patrón de 

difracción de rayos X y no requiere una composiclón de vidrio en su estructura. 

Por su parte, D3 se refiere al tratamiento de la infección bacteriana intrapulmonar que incluye el 

tratamiento de infecciones pulmonares por neumonía nosocomial con composiciones 

farmacéuticas que contienen la cerfalosporina y ceftoloLeao. Por lo tanto, D3 describe una 

composición que comprende ceftolozatio y tazobactur a para el tratamiento de dichas 

infecciones, no obstante, no describe un cristal de sul lato de cerftolozano con el patrón de 

difracción de rayos X especifico que se reclama en la present2 invención. 

Por último, D4 describe una prepartición que c<Aitiene un medicamento de cefalosporina. La 

preparación comprende un derivado de cefalosporina rep esentado por la fórmula (I) y conocido 

como 	713- {2-(5-amino-1,2,4-tiadiazcl-3-il)-(Z)-2 41,  .orometoxiiminoacetamido } -3- {E)-3- 

(carbamoilmetil etilmetilamonio)-1-propen-141}-3-cefem 4-carboxilato, o una de sus sales 

farmacéuticamente aceptables, o el derivado de cefalosirrina representado por la fórmula (I) o 

una sal farmacéuticamente aceptable del mismo. Sin ernoargo, D4 no menciona el ceftolozano y 

mucho menos menciona un cristal con las características estructurales aquí reclamadas, que en 

este caso sería la cefalosporinas cristalizadas. 

Así, es claro que nada en Dl-D4 enseña las características ;Istructurales del cristal reclamado en 

la presente invención. No hay enseñanza o sugerencia algunri en dichos documentos que guíen a 

la persona mediantemente versada en la materia a de-arrollar específicamente el objeto de la 

Reivindicación 1. Por el contrario, dIcha persona, si:„uiendo las enseñanzas y sugerencias de DI - 

D4 se vería motivada a desarrollar prüductos con características estructurales completamente 

diferentes de los aquí reclamados, como por ejemplo, recipientes de vidrio o compuestos con 

otro tipo de configuración química y cristalina. 

iii) 	Ahora bien, me permito llamar la atención sobre algunos ejemplos de la 

presente invención, específicamente los Ejemplos 3, 8 y 13 del Capítulo Descriptivo. 

6 
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En el Ejemplo 3 se realiza una prueba comparativa de estabilidad, en donde se evalúa la pureza 

del sulfato de ceftolozano en diferentes sistemas de disolvente, evidenciando una alta pureza al 

formar el cristal en diferentes sistemas como lo son isopropanol/agua y etanol/agua, además se 

evalúa la estabilidad en dichos sistemas de disolventes :mesto que se realizan pruebas en 

diferentes tiempos, las pruebas se llevan a cabo a los días 0, 3 y 6, en el que se evidencia que el 

día O se obtienen para cada sistema porcentajes de puieza de 96.74% y 96.84%, y además la 

estabilidad se evidencia puesto que a pesar ca ué el tiempo he aumenta de 3 o 6 días, la pureza del 

cristal solo disminuye en un rango de 9 a 15 %, lo cual se considera bajo. 

Adicionalmente, el Ejemplo 8 describe la liornizacién de formas sólidas de Cefrolozano, en 

donde después de hacer diversos experimentos se concluye que los ciclos de liofilización 

preferidos para producir composiciones liofilizadas de ceftolozano a partir de una solución que 

comprende la Forma 2 sólida de sulfato de ceftolozano tenen una o más de las siguientes 

características: (1) no más de 150 mg de concentración de base libre de ceftolozano/g de 

solución a granel, (2) no más de 3 cm de profundTdad de relleno, (3) parámetros de ciclo 

incluyendo congelación a al menos -40 a -45 °C, (4) secar a no más de 40 °C, y (4) secado de 

una o de varias etapas y establecimento de la liresión de 'cámara durante el inicio de secado 

primario a no más de 400 µbar. 

Por último, el Ejemplo 13 de la presente invención se refiere a la higroscopicidad de la Forma 2 

de sulfato de ceftolozan, en el que el suato de ceftolozatir, mostró adsorción continua de agua a 

través del ciclo con la absorción total de 23% a 90% de humedad relativa indicando que el 

sulfato de ceftolozano es higroscópico. 

Por todo lo anterior, como ya he resaltado, una persona medianamente versada en la materia no 

habría encontrado sugerencia o motivación alguna en los bramentos citados para desarrollar un 

cristal de sulfato de ceftolozano, o cualquier composición, que lo comprenda, y que además este 

caracterizado por un patrón de difracción de rayos X de polvo (XRPD), picos de desplazamiento 

Raman, una endoterma de calorimetría diferencial de barrido (DSC) o un análisis 

termogravimétrico (TGA) reclama¿o en la pretynte invención, sin necesidad de acudir a 

experimentación adicional, puesto el cr3tal reclamado actualmente tienen un gran número de 

diferencias estructurales con respecto a Di, que el Opc.,Cror señala en la objeción por falta de 

nivel inventivo. De hecho, se requieren múltiples cambias estructurales para llegar al cristal 

reclamado actualmente. Estos cambios' no son divulgados por las enseñanzas generales o los 

ejemplos de DI, o cualquier combinación 4e D1 'y I/'; a D4. Respetuosamente me permito 

Cf 

Página 6 de 8 



2 Manual Andino de Patentes, Sección 10.8.1. 
'Guía de la SIC, sección 2.13.2. 

!Manual Andino de Patentes, Sección 10.2.1 - Ejemplo 1. 

OLARTEMOURE 
OLARTE MOURE & ASOCIADOS 

Abogados - Attorneys 

señalar que la forma sólida de la presente inverwión es,  inventiva respecto a DI solo o en 
,e 

combinación con D2 a D4. 

Así las cosas, y a la luz de las evidentes diferencias enc oniradas entre la materia reclamada en 

la solicitud frente al arte previo, vale la pena señalar que ct; acuerdo con el (Manual Andino de 

Patentes) MAP, para que pueda negarse la existencia de nivel inventivo, es necesario, no 

solamente que la combinación de las enseñanni pueda hacerse, sino también que exista una 

sugerencia o razón tal, que lleve al técnico con conocimientos medios a combinar las 

enseñanzas de los documentos'. Además, el MAP también establece que las invenciones en el 

campo de la química (farmacéutica) tienen nivel inventivo cuando la materia reclamada tiene 

una estructura inesperada  (no derivable por la persona mAianamente versada en la materia) 

o cuando presentan un efecto técnico inesperado o mei:grado  impredecible del arte previo2. 

De manera similar, la Guía de la SIC establece que, pan que una invención no resulte inventiva 

"el conjunto de enseñanzas del estado de la técnica lo llevarían (a la persona medianamente 

versada en la materia) de forma inmediata a la solución propuesta por la solicitud Si se 

requiere de pasos adicionales o de corroboración o de superar obstáculos revelados por las 

propias enseñanzas entonces el estado dé la técnica no revela la solución al problenza"3  

(subrayado y énfasis fuera del texto). Lo cual no sucede en el presente caso, toda vez que los 

cristales que se reclaman en la presente sc,liciMd no pudieron haber sido predichos con éxito a 

partir de los documentos que menciona el Opositcy. 

3. 	Finalmente, me permito informar que para el concer o inventivo comprendido en la 

presente solicitud, ha sido otorgado hasta el momento el rr; filegio de patente en Australia, 

Estados Unidos (US8,906,898) y Nueva Zelanda. 

Si bien es cierto que las concesiones de patentes c.i oficinas de otros países no son 

vinculantes en el sentido que obliguen a la SIC a tc• mar una decisión en el mismo sentido, 

considero que dichas concesiones sugieren el cumplimiento de los requisitos de 

patentabilidad de la materia reivindicada',.. ya que los ;Aerios de evaluación y estudio 

aplicados para concluir la aceptación de dichas patente', resultan equivalentes a los que la 

SIC debe emplear. 
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Abogados - Attorneys 

4. 	Por todo lo anterior, considero Que las observaciones presentadas por el Opositor han 

sido superadas y solicito respetuosamente se proceda con el examen de fondo de la presente 

invención. 

Atentamente, 

CARLOS R. OLARTE 

C.C. No. 79.782.747 de Bogotá 

T.P. 74.295 

Anexos: 

Capítulo Reivindicatorio Modificado 

Recibo de pago por modificación voluntat a 

Recibo de pago por 20 reivindicaciones adicionales 

Patente Estadounidense Concedida US 8,906,898 
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CAPÍTULO REIVINDICATORIO MODIFICADO 

(Modificaciones Voluntarias) 

	

1. 	Forma sólida 2 de sulfato de ceftolozano que produce un patrón de difracción de 

rayos X de polvo (XRPD) que tiene difracciones en ángulos (2 theta ± 0.2) de 4.4, 8.8. 

11.0, 14.9, y 17.7. 

	

2. 	La forma sólida de sulfato de ceftolozano de la Reivindicación 1 que produce picos 

de desplazamiento Raman (± 5 cm-1) en alrededor de 151 cm-1, 684 cm-1  y 802 cm-1. 

	

3. 	La forma sólida de sulfato de ceftolozano de la Reivindicación 1 caracterizada por 

una endoterma de calorimetría diferencial de barrido (DSC) que tiene una mínima en 

alrededor de 105 grados C. 

	

4. 	La forma sólida de sulfato de ceftolozano de 1a. Reivindicación 1, caracterizada por 

un análisis termogravimétrico (TGA) con una pérdida de peso de alrededor de 6.8% entre 

25-181 grados C. 

	

5. 	La forma sólida de sulfato de ceftolozano de la Reivindicación 1, caracterizada por 

una endoterma de calorirnetría diferencild de barrido (DSC) que tiene una 

mínima en alrededor de 105 grados C; • 

un análisis termogravimétrico (TOA) can una pérdida de peso de alrededor 

de 6.8% entre 25-181 grados C; y 

Picos de desplazamiento Raman (± 5 cm-1) en 151 cm-1, 684 cm-1, 802 cm-1' 

1174 cm-1  y2953 cm-1. 

	

6. 	Una composición farmacéutica que comprende la forma sólida de sulfato de 

ceftolozano designado como Forma 2 de sulfato de ceftolozano que produce un patrón de 

difracción de rayos X de polvo (XRPD) que tiene difracciones en los ángulos (2 theta ± 

0.2) de 4.4, 8.8, 11.0, 14.9, y 17.7. 

	

7. 	La composición farmacéutica de la Reivindicación 6, en donde el sulfato de 

ceftolozano produce picos de desplazamiento Ramm (i 5 cm-1) a aproximadamente 151 

cm1, 684 cm-1, 802 cm-1, 1174 cm-1  y 2953 ent-1. 

	

8. 	La composición farmacéutica de una cualquiera de la Reivindicación 7, que 

comprende además sulfato de ceftolozano en una forma sólida que produce un patrón de 
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difracción de rayos X en polvo (XRPD) que tiene difracciones en ángulos (2 theta ± 0.2) de 

12.4, 16.4, 22.6, 25.1 y 28.0. 

9. 	La composición farmacéutica de la Reivindicación 6, que comprende además 

tazobactam. 

10. 	La composición farmacéutica de la Reivindicación 6, que comprende además un 

excipiente farmacéuticamente aceptable. 

11. 	La composición farmacéutica de la Reivindicación 10, en donde el excipiente 

farmacéuticamente aceptable es seleccionado del grupa que consiste de: cloruro de sodio, 

L-arginina, ácido cítrico y mezclas de los mismos. 

12. 	La composición farmacéutica de la Reivindicación 11, se caracteriza por uno o más 

de los siguientes: 

una endoterma de calorimetría diferencial de barrido (DSC) que tiene una 

mínima en alrededor de 105 grados C; 

un análisis termogravimétvico (TGA) cot . una pérdida de peso de alrededor 

de 6.8% entre 25-181 grados C; y 

Picos de desplazamientc,  Ra.man (± 5 cm-1) en 151 cm-1, 684 cm4, 802 cm-l• 

1174 cm' y 2953 cm-1. 

13. 	Una composición farmacéutica que comprende una composición liofilizada de 

ceftolozano obtenida por un procedimiento que comprende las etapas de: 

combinar el sulfato de ceftolozano en una forma sólida designada como 

Forma 2 de sulfato de ceftolozano que produc:e un patrón de difracción de rayos X 

en polvo (XRPD) que tiene difracciones en ángulos (2 theta ± 0.2) de 4.4, 8.8, 11.0, 

14.9 y 17.7, con agua, cloruro de soffi..., y L-arginina para formar una solución 

acuosa; y 

liofilizar la solución acuosa para formar la composición liofilizada de 

ceftolozano que comprende sulfato de ceftolozano. 

14. 	La composición farmacéutica de la Reivindicación 13, en donde el ciclo de 

liofilización se caracteriza por una o más de las siguientes características: 

Concentración no mayor a 150 mg de base libre de ceftolozano /g de 

solución a granel, 

no más de 3 cm de profundidad de llenado, 

congelar a por lo menos -40 °C durante el ciclo de liofilización, 
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secar ano más de 40° C, y 

secar en una o varias etapas y establecer la presión de cámara durante el 

inicio de secado primario en no más de 400 µbar. 

15. 	La composición farmacéutica de la Reivindicación 13, que comprende además 

tazobactam. 

16. 	La composición farmacéutica de la Reivindicación 15, obtenida por un proceso que 

comprende además combinar la composición liofilizada 	ceftolozano con tazobactam en 

una combinación de dosis fija que proporcidna aprox:madamente 500 mg de tazobactam 

activo por 1.000 mg de ceftolozano activo en la composición farmacéutica. 

17. 	Una composición farmacéutica que comprénde una composición liofilizada de 

ceftolozano obtenida por un procedimiento que c.:mprend e las etapas de: 

combinar el sulfato de ceftolozano en una forma sólida designada como 

Forma 2 que produce un patrón de difracción de rayos X de polvo (XRPD) que tiene 

difracciones en ángulos (2 theta A 0.2) de 4.4, 88. 11.0, 14.9, y 17.7 con agua para 

formar una solución acuosa; y 

liofilizar la solución acuoLa para formar la composición liofilizada de 

ceflolozano que comprende sulfato de caflolozano. 

18. 	La composición farmacéutica de la Reivindicacióa 17, en donde la solución acuosa 

en la etapa (b) comprende además tazobactam o una sal iarmacéuticamente aceptable de la 

misma. 

19. 	La composición farmacéutica de la Reivinclicacion 18, en donde la composición 

farmacéutica comprende tazobactam sódico. 

20. 	La composición farmacéutica de la Reivindicación 17, en donde la solución acuosa 

en la etapa (b) se liofiliza en ausencia de tazobactam 

21. 	La composición farmacéutica de la Reivindicación 17, en donde la composición 

farmacéutica que comprende el sulfato de ceftolozáno en una cantidad que proporciona 

aproximadamente 1000 mg de ceftolozano activo. 

22. 	La composición farmacéutica de la Reivindicación 21, en donde la composición 

farmacéutica comprende además unos 500 mg de tazobr ctam activo. 
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23. 	La composición farmacéutica dé la Reivindicación 17, en donde la composición 

farmacéutica comprende ceftolozano act;vo y tazobactam activo, y el sulfato de ceftolozano 

está presente en la composición en una cantidad que proporciona 1000 mg de ceftolozano 

activo por 500 mg de tazobactam acti ro. 

	

24. 	La composición farmacéutica de la Reivindicación 17, en donde la composición 

farmacéutica comprende ceftolozano y compuesto inhibidor de beta-lactamasa. 

	

25. 	La composición farmacéutica de la Reivindicación 17, en donde la composición 

farmacéutica comprende aproximadamente 1000 mg de ceftolozano activo y 500 mg de 

tazobactam activo. 

	

26. 	La composición farmacéutica de la Reivindicación 17, que se obtiene por un 

proceso que comprende además combinar la composíción liofilizada de ceftolozano con 

tazobactam en una combinación de dosis fija que proporciona aproximadamente 500 mg de 

tazobactam activo por 1.000 mg de ceftolozano activo en la composición farmacéutica. 

	

27. 	La composición farmacéutica de la Reivindicación 26, en donde la composición 

farmacéutica comprende tazobactam sódico. 

	

28. 	La composición farmacéutica de la Reivindicación 26, en donde la composición 

farmacéutica comprende tazobactam cristalino. 

	

29. 	La composición farmacéutica de la Reivindicr.ción 26, en donde la solución acuosa 

se liofiliza en la etapa (b) con un ciclo de liofilizeción que se caracteriza por una o más de 

las siguientes características: 

Concentración no mayor a 150 mg de base libre de ceftolozano /g de 

solución a granel, 

no más de 3 cm de profundidad de Ilenadc, 

congelar a por lo menos -40 °C durante el ciclo de liofilización, 

secar a no más de 40° C, y 

secar en una o varias etapas y establecer la presión de cámara durante el 

inicio de secado primario en no más de 400 pbar. 

	

30. 	La composición farmacéutica de la Reivindicaeilll 26, caracterizada por una o más 

de las siguientes: 

a. 	una endoterma de calorimetría diferencial de barrido (DSC) que tiene una 

mínima en alrededor de 105 lados C; 
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un análisis termogravimétrico (TGA ) con una pérdida de peso de alrededor 

de 6.8% entre 25-181 grados e; y 

Picos de desplazamiento aman (± 5 ca») en 151 cm-I, 684 cm', 802 cm4' 

1174 cm" y 2953 cm-1. 

******************v* 
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Upper Diffraction Pattern: Example 2a (Forrn 1) 
Lower Diffraction Pattern: Example 2b (Form 2) 
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Upper spectrum: Example 2a (Form 1) 
Lower spectrum: Example 2b (Form 2) 
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SOLID FOR1VLS OF CEFTOLOUNE 

RELATED APPLICATIONS 

Ibis application claims priority to U.S. Previslonal Patent 5 
Application No. 61/883,530, filed Sep. 27, 2013, which is 
incorporated barcia la its enfirety. 

TECHNICAL FIELD 
10 

This disclosure relates to solid forms of cefto.  lozana. 

BACKGROUND 

The m'ami state of a compound may be importan't when the 15 
compound is usad for pharmaceutical purposes. Comparad 
with an amorphous solid, the solid physical properties of a 
crystalline compound may chame from one solid form to 
another, which may affect its suitability for pharmaceutical 
use. In addition, different solid forms of a crystalline com-  20 
primid can incorporate different types and/or different 
amounm of impurities. Different solid forma of a compound 
can also have different chemical stability upan exposure to 
haat and/or water over a period of time. 

Ceftolozane is a cephalosporin antibacterial agent, also 25 
referred to as OCA-101, FR264205, or by chemical flamas 
such as (6R,7R)-34(5-amino-4-1[(2-aminoethyl)carbamoyi] 
amino}-1-methy1-1H-pyrazol-2-ium-2-y0methyl]-7-(1(2Z)-
2-(5-amino-1,2,44.1nadiazol-3-y0-2-fil-carboxy-l-metbyl- 
ethoxyliminolacetyl}amino)-8-oxo-5-thia-l-ambicyclo 	30 
[4.2.0]oct-2-ene-2-carboxylate, and 7 ll-[(Z)-2-(5-amino-1,2, 
441nadiazol-3-y1)-2-(l-carboxy-1-methylethaicyimitio) 
acetamido]-3-{3-amino-4-[3-(2-aminoethyl)ureid4-2-
methyl-l-pyrazolio}methyl-3-cephem-4-carboxylate. 
Ceftolozane sulfate is a pharmaceutically acceptable ceftolo- 35 
zane salt of formula (I) that can be formulated for intravenous 
administration or infusion. 

(1) 40 
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U.S. Pat. No. 7,129,232 discloses ceftolozaer Lydrogen 
sulfate salt among other salts "with a base or an acid addition 
salt such as a salt with an inorganic base, for example, an 
alkali metal salt [e.g., sodium salt, potassium salt, etc.], an ss 
alkaline earth metal salt [e.g., calcium salt, msgnesium salt, 
etc.], an ammonium san; a salt with an organic base, for 
example, an organic amine salt [e.g., trimethylamire salt, 
triethylaraine salt, pyridine salt, picoline salt, ethanolamine 
salt, triethanolamine salt, dicyclohexylamine salt, N,N- 60 
dibenzylethylenediaraine salt, etc.]; an inorganic acid addi-
tion salt [e.g., hydrochloride, hydrobromide, sulfate, hydro-
gen sulfate, phospbate, etc.]; an «pina rarboxylic or 
sulfonic acid addition salt [e.g., formate, acetate. trifiuoroac-
etate, maleate, tartrate, citrate, fumarate, methanesulfonate, 65 
benzenesulfonate, toluenesulfonate, etc.]; and a salt with a 
basic or acidia amino acid [e.g., arginine, aspartic acid, 

2 
glutamic acid, etc.]." In addition, U.S. Pat. No. 7,129,232 
discloses a crystal solid form of ceftolozane sulfate obtained 
by dissolving ceftolozane sulfate in a solution of water and 
ethanol, adding seed crystals, to obtain the crystal form 
described herein as (Comparativa) Example 1. A synthesis of 
ceftolozane is atm) described in U.S. Pat. No. 7,129,232. 

As repárted herein, there remains a need for salid forms of 
ceftolozane having improved ceflolozane stability. Por 
example, the pufity of ceftolozane in an aqueous ethanol 
solution during precipitation according to the methods of 
U.S. Pat. No. 7,129,232 decreased from about 97% to about 
68% dining a 6-day stability test (See Example 3), as mea-
surpd by high performance liquid cbromatography (HPLC). 
Accordingly, there remains a need for solid forms of ceftolo-
zane greater ceftolozane stability for use in drug substance 
and drug product development. 

SUMMARY 

Novel sclid forms of cellolozane (e.g., crystalline ceftolo-
zane sulfate) disclosed hernia include ceftolozane sulfate in 
Forra 1 and Form 2, as well as compositions comprising a 
solid form of ceftolozane comprising at least one or more of 
cefiolc,zane sulfate Form 1 and ceftolozane sulfate Form 2. 
Novel compositions also include ceftolozane sulfate salid 
Form 1, ceftolozane sulfate solid Form 2 and/or crystalline 
and amorphous solid forms of ceftolozane. A novel ceftolo-
zane solid Form 1 and a novel ceftolozane solid Form 2 uf 
ceftolozane sulfate can both be identified by X-ray Powder 
Diffraction (XRPD), both having one or more characteristic 
diffractions at anglas (2 thetat0.2) of 24.2 and 37.8. In addi-
tion, ceftolozane diffractions in both solid Form 1 and solid 
Form 2 can produce the Raman spectra comprising one or 
more of the following peaks (+/-5 cm-1) at about 597 cm-1, 
716 cm-1, and 1329 cm-'. A preferred ceftolozane composi-
tion can include ceftolozane in one or more solid forms (e.g., 
solid Form 1 and/or solid Form 2) characterize.d by an XRPD 
pattern with diffractions at anglas (2 theta±0.2) of 24.2 and 
37.8, in addition to Raman spectra comprising one armare of 
the following peala at about 597 cm', 716 cm-', and 1329 
cm-1. 

Anovel ceftolozane solid Form 1 of ceftolozane sulfatecan 
be identified by X-ray Powder Diffraction (XRPD), having 
ono or more characteristic diffractions at anglas (2 theta±0.2) 
of 12.4, 16.4, 22.6,25.1, and 28.0. In addition, ceftolozane in 
sonl Form 1 can produce the Raman spectra comprising one 
or more c,:the following pealo (+/-5 cm-')at 171 cm', 743 
cm-', 819 cm", 1055 cm-', 2894 cm', and 2976 cm'. 

A novel ceftolozane salid Form 2 of ceftolozane sulfate can 
be identified by X-ray Powder Diffraction (XRPD), having 
one armare characteristic diffractions at anglas (2 thetas0.2) 
of 4.4, 8.8, 11.0, 14.9, and 17.7. In addition, ceftolozane in 
salid Form 1 can produce the Raman spectra comprising one 
or more uf the following peaks (t5 cm-1) at 151 cm-', 684 
cm-1, 802 cm", 1174 cm', and 2953 cm-1. 

The applicants have also discovered that novel ceftolozane 
salt salid forms (e.g., Forra 1 and Form 2 of ceftolozane 
sulfate) can also be obtainedby maintaining a ceftolozane salt 
solid form under physical corKlitions effective to convert a 
ceftolozane salt in a first solid form lato a ceftolozane salt in 
a second solid form. Por example, perfortning a water sorp-
tion isotherm (e.g., FIG. 5) of cellolozane sulfate in Form 1 
showed a reversible transformation between ceftolozane sul-
fate in solid Form 1 and salid Form 2 as a function of relativa 
humidity. The solid form of ceftolozane can be changad by 
maintaining the ceftolozane at certain relativa humidity con-
ditions (e.g., as described in the water sorption isotherm for 
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ceftolozane sulfate in FIG. 5). Ceftolozane in salid Form 2 
can be converted to ceftolozane la Form 1 by maintaining a 
sample at a relative humidity (RH) effective to convert cef-
tolozane in Form 2 to ceftolozane into Form 1 at a suitable 
temperature (e.g., RH ofabout 50% or higher at a temperature 
of about 20-25 degrees C., preferably at least about 70% RH 
ata temperature of about 25 degrees C.). Once formed in this 
manner, ceftolozane in solid Form 1 can be converted to 
ceftolozane sulfate in Form 2 by reducing the RH (e.g.,RH of 
about 20-40%). The ceftolozane sulfate in Form 2 can be 
converted to a mixture of amorphous ceftolozane sulfate and 
Form 2 by redactas the RH to less than about 20%. 

The ceftolozane solid forras (Forra 1 and Form 2) can be 
obtained from a solution comprising isopropanol, orby main-
taining a ceftolozane salid form under conditions effective to 
convert a first solid form into a second solid form (e.g., by 
maintaining ceftolozane sulfate in Form 1 under physical 
conditions effective to form ceftolozane sulfate in Forra 2, or 
converting Form 2 underphysical conditions effective to form 
ceftolozane sulfate of Forra 1). An improved manufacturing 
method can indude the steps of (a) combining ceftolozane 2 
sulfate with a molar caceas of sulfuric acid (e.g., about 2.5 
molar equivalents of sulfuric acid to ceftolozane) and isopro-
panol (e.g., about 20-40 volumes of isopropanol relative to 
the amount of ceftolozane active) under conditions effective 
to produce a ceftolozane salid form (e.g., ceftolozane sulfate 2  
Form 1), and (b) isolating the ceftolozane solid fiaran (es., by 
filtering the celtolozane solid form from a solution compris-
ing the isopropanol). 

The applicants have discovered novel methods of mara-
facturing ceftolozane sulfate solid forms that provide 
improved ceftolozane stability darlas manufacturing com- 3  
pared to the methods of manufacturing ceftolozane solid 
forms disclosed in U.S. Pat. No. 7,129,232 (see Comparative 
Example] hernia). The improved manufacturing methods are 
based in pan on the discovery that sol id forms o f ceftolozane 
sulfate obtained by certain processes comprising the use of 3  
isopropanol (e.g., as described in Example 2a) with ceftolo-
zane provide improved ceftolozane stability in a liquidphase 
during manufacturing (compared to the manufacturing meth- 
ods described in U.S. Pat. No. 7,129,232), as measured by a 
ceftolozane purity of about 82% after a 6-day ceftolozane 40 
stability test of Example 3 (compeled to about 68% from 
ceftolozane solid forms disclosed in U.S. Pat. No. 7 129 23)) 

65 
FIG. 1 depicts two X-ray powder diffraction patterns of 

novel solid forms ceftolozane sulfate. The upper pattern cos- 

Ceftolozane sulfate is also referred Leas: CAS registry num-
ber 936111-69-2; 1H-Pyrazolium, 5-amino-4-[[[(2-aminoet-
hyBanuno]carbonyl]aminol-2-[[(6R,7R)-7-[[(2Z)-2-(5-
amino-1,2,4-thiadiazol-3-y1)-2-[(1-carboxy-1-
methylethoxy)imino]acetyl]amino1-2-carboxy-8-oxo-5-
thia-l -azabicyclo[4.2.0]oct-2-en-3-ylimethyl]-1-methyl-, 
sulfate (1:1); and 5-arnino-4-{[(2-aminoethyl)carbamoyl] 
arnino}-2-{[(6R,7R)-7-({(2Z)-2-(5-amino-1,2,4-thiadiazol-
3-y1)-2-[(1-carboxy-l-methylethoxy)iminotacetyllamino)-
2-carboxy-8-oxo-54hia-l-azabicyclo[4.2.0]oct-2-en-3-yl] 
methy11-1-methyl-1H-pyrazolium monosulfate. 

„ 
The novel ceftolozane solid forms, including ceftolozane sul- 
fate solid Form 1 and ceftolozane solid Form 2, can be 
obtained from an aqueous solution with isopropyl alcohol, 43 
even in the absence of etanol. In contras; U.S. Pat. No. 
7,129,232 discloses a ceftolozane solid form obtained from 
an aqueous solution without isopropyl alcohol. 

The manufacturing methods are useful forte manufacture 
of antibiotic compositions comprising ceftolozane in ene or so 
more solid forms suitable for treatment of infections. Par 
example, a pharmaceutical composition comprising ceftolo-
zane for parenteral administration can be obtained from cef-
tolozane sulfate in solid Form 1 and/or solid .Form 2 by a 
process comprising the steps of: (a) fonning a ceftolozane 55 
solution comprising ceftolozane sulfate in a salid Forra 1 
and/or solid Form 2, and (b) lyophilizing the ceftolozane 
solution Lo obtain a lyophilized ceftolozane composition. The 
lyophilized ceftolozane composition can be combined with 
tazobactam (or a pharmaceutically acceptable salt thereof) to 60 
obtain a CXA-201 pharmaceutical composition suitable for 
intravenous administration upan reconstitution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

4 
responda. to *the product of Example 2a. The lower pattern 
corresponda to the product of Example 2b. 

FIG. 2 depicts two Raman spectra of novel solid forms of 
ceftolozahe sulfate. The upper pattern corresponda to the 
product of Example 2a. The lower pattern corresponda to the 
product of Example 2b. 

FIG. 3 is a thermogravimetric analysis (TGA) curve for 
ceftolozane sulfate in a solid form designated herein as Fonn 
2. 

In FIG. 4 isa differential scanning calorimetry (DSC) ther- 
mograms fdr cefiolozane sulfate in a solid form designated 
herein as Fonn 2. 

FIGS is a moisture sorption/desorption isothenn for cef-
15 tolozane sulfate solid forms. 

DETAILED DESCRIPTION 

Ceftolozane can be prepared as a pharmaceutically accept- 
able salt in one or more solid forms. Ceftolozane is also 
known as CIIA-101; CAS registry number 689293-68-3; 
(6R,7R)-3-[(5-amino-4-{[(2-aminoethyl)carbamoyll 
amino}-1-methyl-IH-pyrazol-2-ium-2-yl)methyl]-7-({(2Z)-
2-(5-amino-1,2,4-thiadiazol-3-y1)-2-[(1-carboxy-1-methyl- 

5 ethcoiy)iminolacetyl}amino)4-oxo-5-thia-l-azabicyclo 
[4.2.0]oct-2-ene-2-carboxylate, and 7(3- [(Z)-2-(5-amino-1,2, 
4-thiadiazoI-3 -y1)-2-0 -carboxy-1 -methylethoxyimino) 
acetamicto]-3-{3-amino-443-(2-aminoethyDureido]-2-
methyl-l-pyrazoliolmethyl-3-cephem-4-carboylate; 
5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic 	acid, 
34[4-1(2-aminoethyDamino]carbonyliamino]-2,3y- 
dro-3-imino-2-methy1-1H-pyrazol-1-ylimethyl]-7-[[(2Z)-2- 
(5-amino-1,1,4-thiadiazol-3-y1)-2-[(1-carboxy-1-methyl- 
ethoxy)imino]acetyllaminol-8-oxo-, (6R,7R)--; and (6R, 

5 7R)-3-[(5-amino-4-{[(2-mninoethyBearbamoyljarnino}-1-
methyl-lH-pyrazol-2-ium-2-y1)methyl]-7-(1(2Z)-2-(5-
amino-1,2,4-thia.diazol-3-y1)-2-[(1-carboxy-1-
methylethoxy)imino]acetyl}ammo)-8-oxo-5-thia- 1 - 
azabicyclo[4.2.0]oct-2-ene-2-carboxylate. 	Ceftolozane 
sulfate is an example of a plaarmaceutically acceptable salt of 
ceftolozane. ilie structure of ceftolozane sulfate is shown 
below, 
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Ceftolomme sulfate can oecur in an amorphous sol id forin 
or in a crystalline solid formar in mixtures of solici forms. 
Crystalline solid forms ofceftolorane can exist in'03e armare 
unique solid forms, which can additionally•comrnse one 'as 
more equivalents of water or solvent (i.e., hydrmes or sol- 
vates, respectively). 

As disclosed herein, crystalline ceftoloiane, sulfate pre-
cipitated or crystallized from isopropanol/watei has.signifi-
cantly better stability in a solution comprising isapropanol 
compared to the stability in a solution comptisidg eyb.anol, as 
used to prepare crystalline ceftolozane sulfate yiiecipitated 

6 
'JABLE 1 

Procesa Paratnetets for the Fonnation and 
Isolation of Ceftolozane Sulfate Salid Forms 

5  
Prxess Pananeter 

Exemplary 
Rango 

Preferred 
Rango 

Toget 
tatue 

Ceftalozane concentration atter 
fuma ÁanoftIttation (g/L) 

72 to 100 75 to 85 80 

Sulfiaie acid (equiv) 1.50 to 2.95 2.45 te 2.55 2.5 
10 Seed unount (whv %) 0.03 to 4.0 0.1 to 1.0 0.3 

Aging eme, after seeding (h) 1 to 5 2 to 4 3 
IPA amoutt (vol) 20 to 40 29 to 31 30 
IPA additat time (h) 0.5 to 8 6107 6.5 
Aging time, alter IPA addition (h) Olas I to 6 2 
Temperatt.re (ce) 5 to 15 Sto 12 10 

15 	4:1 (v/v) IPA/water 
wash solution (vol) 

:2 4 

from ethanol/water, as previously described in U.S. PAt. No. 
7,129,232 (see Example 3). Moreover, the crystalline kin= 
precipitated or crystallized from isopropanol/water b.ave 
tinct characteristic XRPD peaks (seo Examples 1 and 2, snd 
Tables 4 and 6) that are not observed in previo dsly distlosed 
crystal forms of ceftolozane described in U.S. Pat, No. 7,129, 	Salid fe= of ceftolozane can be obtained by methods 
232. Accordingly, provided herein are novel crystalline cef- 	comprising the step of combng ceftolozane sulfate and a 
tolozane sulfate solid forms, pharmaceutical cotcpositions zo solvent, such that a solution comprising ceftolozane sulfate is 
thereof, and methods of preparing those crystallisie cefloloz- 	formed, and such that crystalline celtolozane sulfate precipi- 
ane sulfate solid forras and methods of use thereof. 	 tates from the solution. Crystalline ceftolozane sulfate solid 

	

Novel ceftolozane solid forms can be obtamed from aque- 	forms can be obtained from methods that include the steps of: 
ous solutioas comprising ceftolozane and isopropyl alcohol 	(1) combining ceftolozane sulfate and a solvent, such that a 
(herein, also called IPA, or isopropanol). As described in zs solution of ceftolozane sulfate is formed; and (2) combining 

an antisolvent with the solution wherein the antisolvent is 
Example 2a, ceflolozane sulfate in solid Forra 1 can be 	 ' . 

miscible with the solvent and wherem ceflolozane sulfate .  
obtained by forming a ceftolozane saludan comprising a 	partially or completely insoluble in the antisolvent, such that 
ceftolozane san, a strong acid and IPA and maintsining the 	crystalline ceflolozane sulfate precipitates or crystallizes 
solution under conditions effective to forma ceftold--ane wet 30 from the solution. 
cake containing Form 1 of the ceftolozane salt.Prefembly, the 	A ceflolozane sulfate composition can be obtained by a 

ceftolozane solution is an aqueous solution comprising cef- 	process comprising the steps of: (a) forming a solution com- 
. 	 95 

tolo e and te strong acid 	sulfuric acid) in an ammmt 	prismg water, 72-100 g/L caolozane active and 1.5-2. 
molar equivalents of sulfunc acid to ceftolozane; (b) cambia- 

providing least 1 molar equivalent of the strong acid to the 35 ing the solution from step (a) with 20-40 volumes of isopropyl 
molar quantity of ceftolozane in the solution. In certain 	alcaol added to the solution over 0.5-8 hours to obtain solid 
examples, the Form 1 of caolozane is obtained freía a cef- 	ceftolozane sulfate; and (c) isolating die solid ceftolozane 
tolozanP solution that is polish filtered and the temperature is 	sulfate from the solution. The temperature of the solution can 
adjusted and maintained throughout the entire salt tormation 	be about 0-20 degrees C., preferably 8-12 degrees C. (e.g. 10 

degrees C.). Optionally, 	process can further include add- and isolation process.Anaqueous sulfuric acid (H,SO4)solu- 4° 
ing a ceftolozane sulfate seedcrystal,preferably in an amount 

don can be charged to the batch. Optionally, this can be of 0.03-4.0% w/w and allowing die seed crystal to age in the 
followed by seeding with caolozane sulfmc crystal. 'Ese 	solution for about 1-5 hours. Optionally, the process can 
batch is aged, followed by the addition of IPA over a period of 	include allowing the solution to age for up to about 8 hours 
time. After the IPA addition, the batch is agitated &3r an as after adding the isopropyl alcohol. 
additional period, and ten filtered. The wet cake of ceftolo- 	In another aspect, methods of malcing crystalline ceftolo- 
zane sulfate is washed with a solution of IPA and water 	zane sulfate can include the steps of: (1) combining caolo- 

zane freebase (i.e., the non-salt form of ceftolozane having a The ceftolozane solution is preferably maintained ata tem- 
net formal charge of zero.  ) and a solvent, such that a solution perature effective to provide a desired piuity and yield of the 

so ofceftolozane freebase formed; (2) combining an acid with ceftolozane in solid Form I, such as 8-12 degzees C. In 
te solution of caolozane free base (e.g., in an amount addition to the temperature (e.g., 8-12 degrees C., preferably providing a molar equivalent or excess of the acid to the 

about 10 degrees C.), and amount of strong acid (e.g., sulfuric ceftolozane free base, andlor an amount effective to adjust the 
acid in an amount providing 1-3 molar equivalents, and pref- 	pH of the ceftolozane solution to about 1.5-2.0); and (3) 
erably 2.45-2.55 molar equivalents, relative to te molar ss allowing the crystalline ceftolozane sulfate to precipitate or 
amount of ceftolozane), the concentration of ceftolozane 	crystallize from solution. In addition, the method can include 
before salt formation (e.g., 75-85 g/L), seed amount (e.g., 	adding an antisolvent (preferably isopropyl alcohol) in an 
0.1-1 w/w %) and aging time after seeding (e.g., 2-4 hours) 	amount effective to provide a desired tate or extent of pre- 
are also parameters that can be adjusted to obtain cefrolozane 	cipitationand/or crystallization of the ceftolozane in the solu- 
in Form 1 solid form. Particularly preferred processes for 60 tion. Accordingly, step (3) may further comprise combining 
maldng Form 1 ceflolozane sulfate solid form include main- 	ab antisolvent with the solution, wherein the antisolvent is 
taining an aqueous saludan of ceftolozane sulfate, isopropyl 	miscible with the solvent and wherein ceftolozane sulfate is 
alcohol and sulfuric acid at a temperature of 8-12 degrees C. 	partially or completely insoluble in the antisolvent, such that 
Table 1 provides the exemplary range of values for various 	crystalline caolozane sulfate precipitates or crystallizes 
process parameters for the manufacturing of solid forms of 65 from the solution. In some embodiments, the temperature of 
ceftolozane sulfate, along with preferred rangcs aad target 	the saludan is adjusted to 0-20° C. In other embodiments, 
(non preferred) values for each process parameter. 	 step (3) comprises the step of seeding the solution with one or 
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more mistela of ceftolozane sulfate. In some embodiments, 
the volume ofantisolvent that is added to the solution is 20-40 
volumes relative to the ceftolozane. In some embodilnents, 
the temperature of the solution formad in step (1) is adjusted 
to 0-20°C. before proceeding to step (2). In one embodiment, 5  
the method of malcing crystalline ceftolozane sulfate can also 
include the step of: (4) drying the precipitated or crystaIlized 
czystalline ceftolozane sulfate. Drying may comprise tech-
niques including, but not limited to, air-drying, exposure to 
vacuum, exposure to a neutral gas (e.g., nitrogen) How and 10  
heating. 

In an altemative embodiment, the acid (e.g., sulfuric acid) 
may first be combined with the solvent, and the nesulting 
mixture then combined with ceftolozane. Altematively, cm"; 15  
tolozane and the acid (e.g., sulfuric acid) may first be com- • 
bined, and the resultáis mixture then combined with the • 
solvent. In one embodiment, the antisolvent is added to the 
solution of ceftolozane sulfate or freebase. In another 
embodiment, the solution of ceftolozane sulfate or freebase is 20 
added to the antisolvent. In certain embodiments, the solvent 
is selected from the group consisting of water and sulfuric 
acid. In certain embodiments, the antisolvent is selected from 
the group consisting of alcohols, ethers, esters, ketones, 
nitriles, amides, nitroalkanes, nitroarenes, substituted or 25 
unsubstituted aromatic solvents, substituted or unsubstituted 
aliphatic solventa and mixtures thereof. In certain embodi-
ments, the antisolvent is selected from the group consisting of 
acetone, acetonitrile, 1-butanol, cyclohexane, dichlo-
romethane, diisopropyl ether, dimethylformarnide, dimethyl- 30 
sulfoxide, 1,4-dioxane, ethanol, ethyl acetate, heptanes, 
methanol, isopropyl ocelote, rnethyl ethyl ketone, methyl 
isobutyl ketone, N-methy1-2-pyrrolidinone, nitromethane, 
isopropanol, tert-butylmethyl ether, tetrahydrofuran, toluene 
and mixtures thereof. In a preferred embodiment, the solvent 35 
is water. In another preferred embodiment, the antisolvent is 
isopropanol. 

Also provided herein is a method of malcing crystalline 
ceftolozane sulfate, comprising one or more steps selected 
from the group consisting oí: (1) combining ceftolozane free- 40 
base, sulfuric acid and water, such that an aqueous solution of 
ceftolozane sulfate is formed; and (2) combining isopropanol 
with the aqueous solution, such that crystalline ceftolozane 
sulfate precipitates or crystallizes from the solution. In 
another aspect, provided herein is a method of making crys- 45 
talline ceftolozane sulfate, comprising: (1) combining cef-
tolozane freebase, sulfuric acid, and a solvent/antisolvent 
mixture, such that a solution of ceftolozane sulfate is formed; 
and (2) combining an antisolvent with the solution, wherein 
the antisolvent is miscible with the solvent and wherein cef- so 
tolozane sulfate is partially or completely insoluble in the 
antisolvent, such that crystalline ceítolozane sulfate precipi-
tates or crystallizes from the solution. In another aspect, pro-
vided herein is a method of making crystalline ceftolozane 
sulfate comprising the steps of: a) dissolving ceftolozane 55 
sulfate in water to obtain a fust solution of ceftolozane sul-
fate; b) combining the first solution of ceftolozane sulfate 
with isopropanol to afford a second solution of ceftolozane 
sulfate; c) crystallizing cefiolozane sulfate from the second 
solution to obtain crystalline ceftolozane sulfate. In another 60 
aspect, provided herein is crystalline ceftolozane sulfate pro-
duced according to any one of the preceding methods. In 
another aspect, provided herein is crystalline ceftolozane sul-
fate obtainable by any one of the preceding methods. The 
processes and methods described herein may also further 65 
cornprise adding one or more seed crystals of crystalline 
ceftolozane sulfate. 

8 
As used herein, the term "precipitate" refers to the forma-

tion of a solid substance from a solution containing the same 
substanbe. A substance which precipitates from solution may 
be amorphoug or crystalline. Precipitation may occur under a 
variety of conditions lcnown to those ofskill in the art, includ- 
ing the. lieatment of a solution of a solute (e.g., soliste A in 
solvent B) With an antisolvent (i.e., a solvent that is miscible 
with solvent 13; but does not dissolve solute A). Non-Iimiting 
examples of iolvennantisolvent pairs include water/isopro-
panol. 

The solil forms of ceftolozane can be identified by various 
analyticial techniques, such as X-ray powder diffraction 
(XRPD). Solid forms of ceftolozane sulfate in solid Form 1 
and a novel ceftolozane solid Form 2 of ceftolozane sulfate 
can both be identified by XRPD both having one or more 
sbared characteristic diffractions at angles (2 thetat0.2) of 
24.2 and 37.8. In addition, ceftolozane in both solid Form 1 
and solid Form 2 can both produce the Reman spectra com-
prising one or more of the following peaks (+1-5 cm-1) at 
about 597 cm-1, 716 cm-1, and 1329 cm-'. A preferred cef-
tolozane composition can include ceftolozane in one or more 
solid forms (e.g., solid Form 1 and/or solid Forra 2) charac-
terized by XRPD pattern with diffractions at angles (2 
thetax0.2) of 24.2 and 372, in addition to Reman spectra 
comprising one or more of the following peaks (+1-5 cm-) at 
about 597 cm-', 716 cm-1, and 1329 cm-1. In addition, com-
positions comprising ceftolozane sulfate in solid Forra 1 and/ 
or solid Form 2 can be identified by XRPD paneras with 
diffractions at 2-theta volees (2 thetat0.2) indicated in Table 
4 (for Form 1) and/or Table 6 (for Forra 2), respectively. 

A novel ceftolozane solid Form 1 ofceftolozane sul fate can 
be identified by X-ray Powder Diffraction (XRPD), having 
one or more characteristic diffractions at muges (2 thetat0.2) 
of 12.4, 16.4, 22.6, 25.1, and 28.0. In addition, ceftolozane in 
solid Form 1 can produce the Reman specira comprising one 
or more of the following peaks (+/-5 cm-1) at 171 cm-1, 743 
cm-1, 819 cra-1, 1055 cm-1, 2894 cm-', and 2976 cm-1. In 
one embodiment, provided herein is crystalline ceftolozane 
sulfate Form 1 characterized by an X-my powder diffraction 
pattem having peaks at substantially the same angles as the 
upper spectrum in FIG. 1. In another embodiment, the crys-
talline cefiolozane sulfate Form 1 is characterized by an 
X-ray powder di ffraction pattern having one or more peaks at 
substantially the angles (2 thetax0.2) as Table 4. 

A novel ceftolozane solid Fonn 2 of ceftolozane sulfate can 
be identified by X-ray Powder Diffraction (XRPD), having 
one or more characteristic diffractions at angles (2 theta±0.2) 
of 4.4, 8.8, 11.0, 14.9, and 17.7. In addition, ceftolozane in 
sol id Form I can produce the Reman spectra comprising one 
or more of the following peaks (±5 cm-1) at 151 cm-1, 684 
cm-`, 802 cm. 1174 cm-1, and 2953 cm-1. In one embodi-
ment, the crystalline ceftolozane sulfate Form 2 is character-
ized by an X-ray powder diffraction pattem having charac-
teristic peaks at substantially the same angles as the lower 
spectrum in FIG. 1. In another embodiment, the crystalline 
ceftolozane sulfate Form 2 is characterized by an X-ray pow-
der diffraction pattern having one or more pealo at substan-
tially the same angles (2 thetax0.2) as Table 6. 

Crystalline forms of ceftolozane sulfate can also be char-
acterized by their water content. In one embodiment, the 
crystalline ceftolozane sulfate comprises 11-27%, 12-26%, 
13-25%, 14-24%, 15-23%, 16-22%, or 17-21% of water by 
weight In a particular embodiment, the crystalline ceftoloz-
ane sulfate comprises 18-20% of water by weight In another 
embodiment, the crystalline ceftolozane sulfate comprises 



US 8,906, 
9 

about 26.3% by weight of water. In a particular embodiment, 
the crystalline cefialozane sulfate is cefteknane sulfate 
decahydrate. 

Crystalline forms of ceftolozane sulfate can also be definid 
by their water content. In one embodiment, crystalline cef- 5 
tolozane sulfate comprises 4-10%, 5-9%, or 6,8% of water by 
weight. Form 1 of ceftolozane sulfate can clude about 
18-20% water. Form 2 of ceftolozane sulfate can itIclude less 
than about 11% water, and preferably about 5-11° o water, and 
most preferably about 7-8% water. 	 to 

In another embodiment, the crystalline ceftálozape sulfate 
comprises about 7% of water by weight. In 4' particular 
embodiment, the crystalline ceftolozane suliáte is ceftoloz-
ane sulfate trihydrate. 

In some embodiments, crystalline ceflolozahe sulfate can 15 
be characterized by Reman spectroscopy. In a particular 
embodiment, the crystalline ceftolozane sulfate in Fan 1 has 
a Reman spectrum substantially in accordance with the upper 
spectrum shown in FIG. 2. In anotar particular embadiment, 
the crystalline ceftolozane sulfate in Form 1 has a Reman 20 

spectrum with one or more peaks at substantially the same 
positions (±5 cm-1) as shown in Table 5. Caolozane solid 
Forra 1 can produce Reman shift peaks comprising one or 
more of the certero peaks not observad inFarm 1, at about (±5 
cm-1) 171 cm-1, 743 cm-1, 819 cm-1,1055 cm', 2894 cm-1, 23 

and 2976 cm t . 
In other embodiments, the crystalline ceftolozane sulfate in 

Farm 2 has a Reman spectnun substantially in ancordance 
with the lower spectrum shown in FIG. 2. In another particu-
lar embodiment, the crystalline ceftolozane sulfate in Form 2 30 

has a Reman spectrum with one or more peaks at substantiaily 
the same positions (±5 cm-1) as shown in Table 7. Ceftoloz-
ane solid Forra 2 can produce Reman shift peaks compnsing 
one or more of the peálrv at about (±5 cm-1) 151 cm-1, 684 
cm-1, 802 cm-1, 1174 cm-1, and 2953 cm-' 	 35 

Ceftolozane in salid Form 1 and solid Fuma 2 are both 
characterized by intense Reman shift peaks (+/-5 cm-1) at 
about 597 cm-`, 716 cm-1, and 1329 cm-1. itt addition, cef-
tolozane solid Forra 1 and Form 2 can produce Reman shift 
peaks comprising one or more of the folloteufts peala at 40 
indicated in both Table 5 and 7 (±5 cm-1). 

In another aspect, provided herein is a composition com-
prising arnorphous and crystalline solid forms of ceftolozane 
sulfate. Inane embodiment, the composition comprises crys-
talline ceftolozane sulfate and arnorphous ceftolozane sul 45 -
fate, wherein the amorphous ceftolozane sulfate is prosent in 
an amount selected from the following rases: 90-99%, 
80-89%, 70-79%, 60-69%, 50-59%, 40-49%, 30-39%, 
20-29%, 10-19%, 1-9% and 0-0.99%. 

In some embodiments, the crystalline ceftolozane sulfateis so 
a hydrate. In one embodiment, the crystalline ceftolozane 
sulfate is ceftolozane sulfate decahydrate. In a Particular 
embodiment, the crystalline ceftolozane sulfate comprises 
5-amino-4-{-[(2-aminoethypcarbamoynamino}-2-1y6R, 
7R)-7-({(2Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-24:1-car- 55 
boxy-l-methylethoxyllminotacetyl}amino)-2-carboxy-8-
oxo-5-thia-1-azabicyclo[4.2.0]oct-2-en-3-yl]methy1}-1-
methy1-1H-pyrazolium monosulfate and water in a 1:10 
molar ratio. 

In another embodiment, the crystalline ceftolozane sulfate 60 
is ceftolozane sulfate trihydrate. In a particular embodiment, 
the ceftolozane sulfate comprises 5-amino-4-1-[(2-aminoet-
hyl)carbamoyl]amino1-2-11(6R,7R)-7-({(2Z)-2-(5-amáso-
1,2,4-thiadiazol-3-y1)-2-1(1-carboxy-1-methylithoxyr 
imino]acetynamino)-2-carboxy-8-oxo-5-thia-1-azabicyclo 65 
[4.2.0]oct-2-en-3-ylimethy1}-1-methyl-1H-pyrazolium 
monosulfate and water in a 1:3 molar ratio. 

898 31 
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Compared with previous crystalline forms of ceftolozane 
sulfate, cenan: novel crystalline forms of ceftolozane sulfate 
have adventageous properties. Por example, these crystalline 
forms were foundto be more chemically stable, which can be 
beneficiál to the preparation of various drug formulations. 

A ,pharmaceutical composition can comprise, and/or be 
obtained from, the solid form of ceftolozane sulfate desig-
nated as ceftolozane sulfate Forra 2 that produces an X-ray 
powder diffraction (XRPD) pattern having diffractions at 
angles.(2. thero±0.2) of 4.4, 8.8, 11.0, 14.9 and 17.7. The 
ceftolozane sulfate can produce Reman shift peaks (+/-5 
cm-1) at about 151 cra-1, 684 cm-i, 802 cm-1, 1174 cm-1  and 
2953 cm-1. 

A pharmaceutical composition can contain or be obtained 
from a solid form ofceftolozane characterizedby one or more 
of roe following: (a) the solid form of ceftolozane sulfate 
produces an XRPD pattern further comprising diffractioas at 
angles (2 thetas0.2): 4.4, 8.8, 11.0, 14.9, and 17.7; (b) the 
serld form of ceftolozane sulfate of claim 1 that produces an 
XRPD. pattem further comprising one or more additiomft 
diffractions at Bastes (2 theta ±0.2) listed in Table 6; (c) the 
solid form of ceftolozane sulfate that produces Reman shift 
peaks at about (±5 cm-1)151 cm-', 684 cm-4,802 cm-1,1174 
cm-1, and 2953 cm-1; (d) the solid fonn of ceftolozane sulfate 
of claim 1 that produces one or more additional Reman shift 
peaks at values listed in Table 7; and any combination of one 
or more of charactenstics (a)-(d). 

A pharmaceutical composition can contain or be obtained 
from a lyophilized ceftolozane composition obtained by a 
procesa comprising the steps of: (a) combining ceftolozane 
sulfate in the solid form designated limero as ceftolozane 
sulfate in solid Form 2, with water, sodium chloride and 
L-arginine to form an aqueous solution; and (b) lyophilizing 
the acpreous solution to form the lyophilimd composition 
comprising ceftolozane sulfate. The pharmaceutical compo-
sition obtained by such a meth.od can include performing a 
lyophilization cycle characterized by one or more of the fol-
lowing chaxacteristics: (a) not more tan 150 mg caolozane 
free base/gbulk solutionconcentration, (b) no more tan 3 cm 
fill depth, (c)freezing to at least -40°C. during the lyophiliza-
tion cycle, (d) drying to no more tan 40° C., and (e) single-
or multi-step drying and setting chamber pressure during the 
sten of primmy drying at not more tan 4001.1 bar. 

A ceftolozane sulfate composition can be obtained by a 
process comprising the steps of: (a) forming a solution com-
prising water, 72-100 g/L ceftolozane active and 1.5-2.95 
molar equivalents of sulfuric acid to ceftolozane; (b) cambia-
ing roe solution from step (a) with 20-40 volumes of isopropyl 
alcohol added to the solution over 0.5-8 hours to obtain solid 
cefteriozane sulfate; and (c) isolating the solid ceftolozane 
sulfate composition from te solution. 

Pharmaceutical compositions comprising ceftolozane and 
tazebactam can be obtained by blending a first composition 
comprising a therapeutically effective amount of ceftolozane 
with a second composition comprising a therapeutically 
effective amount of tazobactam to form a blended pharma-
ceutical composition. The pharmaceutical composition can 
comprise .ieftolozarie or a therapeutically effective mili 
thereof and tazobactam or a ph.armaceutically effective salt 
thereof in an amount providing about 500 mg of tazobactam 
active per 1,000 mg of ceftolozane active. The pharnaaceuti-
cal antibiotic composition preferably includes ceftolozane 
and tazobactam in a 2:1 weight ratio of ceftolozane active to 
tazobactam active ("CXA-201"), which displays antibacte-
sial activity, including antibiotic activity against infections 
caused by many Gram-negative pathogens such as 
Pseudomonas aeruginosa (P aeruginosa). In particular, 
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CXA-201 is a pharmaceutical composition useful for intra-
veneno administration for the treatment of complicated intra-
abdominal infections and/or complicated urinary tract infec-
tions, and is being evaluated for treatment of pneumonia. 

Methods of treating an infection selected from the group 
consisting of: complicated intra-abdominal infection (cIA1), 
complicated urinary tract infection (cUTI), or hospital 
acquireci/ventilator-associated bacteria] pneumonia (HABP/ 
VABP) are also provided herein. These methods can include 
administering to a patient an injectable pharmaceutical com- 
position comprising ceftolozane in an injectable preparation 
prepared from a lyophilized composition obtained by a pro- 
ceso comprising the steps of: (a) combining the ceftolozane 
sulfate in a solid form that produces an X-ray powder diffrac-
tion (XRPD) pattem having diffractions at angles (2 
thetat0.2)of 4.4, 8.8. 11.0, 14.9, and 17.7 with water to form 
an aqueous solution; and (b) lyophilizing the aqueous solu-
tion to forra the lyophilized ceftolozane composition com-
prising ceftolozane sulfate. 

Pharrnaceutical compositions can be obtained by combin-
ing tazobactam (or a pharmaceutically acceptable salt 
thereof) in one or more solid forras with a ceftolozane com-
position comprising ceftolozane in one or more salts and/or 
solid forma. The ceftolozane in the pharmaceutical composi-
tion can be ceftolozane sulfate in one or more solid forras 
disclosed herein, including amorphous, Form 1, Forre 2 and/ 
or combinations thereof. The ceftolozane in the pharmaceu-
tical composition can be obtained by a process comprising 
lyophilizing a solution of ceftolozane sulfate in solid Form 1, 
solid Form 2 and/or combinations thereof. Por example, the 
ceftolozane in the pharmaceutical composition can be pre-
pared in the absence of tazobactam by forming an aqueous 
solution comprising ceftolozane sulfate in solidForm 1, solid 
Form 2 and/or combinations thereof and other components 
including excipients, stabilizers, pH adjusting additives (e.g., 
buffers) and the like. Non-limiting examples of these addi-
tives include sodium chIoride, citric acid and L-argiabae. Por 
example, the use of sodium chloride resulto ja greater stabil-
ity; L-arginine is used to adjust the aqueous solution to a pH 
of 5-7 (e.g., to pH 6-7) and to increase the solubility of 
ceftolozane; and citric acid is used to prevent discolorationof 
the product, due to its ability to chelate metal ions. In one 
embodiment, the pH of the first aqueous solution is suitable 
for making an injectable product (e.g., a pH range of 5-7, 
including 6-7). Preferably, the first aqueous solution com-
prises about 125 mg-500 mg oía ceftolozane stabilizing 
agent (such as sodium chloride) per 1,000 mg of ceftolozane 
active. The ceftolozane can be included as an amount of 
ceftolozane sulfate of formula (I) containing at least about 
1,000 mg ceftolozane active. The aqueous solution compris-
ing ceftolozane (e.g., ceftolozane sulfate in Forra 2, and/or 
other solid forma disclosedherein) is ten lyophilized to form 
a first lyophilized eeflolozane composition, which is com-
bined with tazobactam, e.g., the lyophilized tazobactam (e.g., 
lyophilized tazobactam sodium) or crystalline tazobactam 

The pharmaceutical composition can be obtained by com-
bining the ceftolozane composition with a (second) tazobac-
tam composition (e.g., preferably, but not necessarily, pre-
pared in the absence of ceftolozane) by forming a second 
solution comprising tazobactam. The tazobactam can be 
included in an amount providing about 500 mg oftazobactam 
active per 1,000 mg ceftolozane active (i.e., a 1:2 weight ratio 
of tazobactam active to ceftolozane active). Tazobactam is a 
beta-lactamase inhibitor in its free acid forra. Unless other-
wise indicated, tazobactam can be a free acid, a sodium salt, 
an arginine salt, or a hyclrate or solvate thereof. In one 
embodiment, the tazobactam in the (second) tazobactam 

12 
eo'mposition is tazobactam acid and the second composition 
further comprises sodium bicarbonate or sodium hydroxide. 
Lyophilizing tazobactam in the presence of sodium bicarbon- 
ate or sodium hydroxide forma a lyophilized tazobactam 

5 sodium, which can ten be further blended with the (first) 
lyophilized ceftolozane composition. 

Pharniaceutical compositions can be obtained by lyo- 
philization 	lyophilizing an aqueous ceftolozane solu- 
tion obtained by dissolving ceftolozane in Form 2 and/or 

to Form 1 with other components such as a stabil' ring agent, a 
chelating ageiit and/or an alkalizing agent). Specific methods 
oflyophilization are described in Remington's Pharmaceuti-
cal Sciences, Chápter 84, page 1565, Eighteenth Edition, A. 
R. Gennaro, (Máck Publishing Co., Boston, Pa., 1990). 

15 	Pharmaceutical compositions comprising ceftolozane and 
tazobactam can heformulated to treat infections by parenteral 
administration (including subcutaneous, intramuscular, and 
intravenous) administration. Pharmaceutical compositions 
may additionally comprise excipients, stabilizers, pH adjust- 

20 ing additives (e.g., buffers) and the like. Non-limiting 
examples of these additives include sodium chloride, citric 
acid and L-arginine. Por example, the use of sodium chloride 
resulto in &water stability; L-arginine is used to adjust pH and 
to increase the solubility ofceftolozane; and citric acid is used 

25 to prevent discoloration of the product, due te its ability to 
chelate metal 'ons. In one particular embodiment, the phar-
nutceutical compositions described herein are formulated for 
administration by intravenous injection or infusion. 

The phannaceutical antibiotic compositions can be pro- 
30 vided in a una dosage form container (e.g., in a vial or bag, or 

the like). The unit dosage forra can be dissolved with a phar-
maceuticafty acceptable carrier, and ten intravenously 
administered. The unit dosage form comprises 1000 mg of 
ceftolozane active and 500 mg tazobactam, typically 1000 mg 

35 ceftolozane active as ceftolozane sulfate and 500 mg of tazo-
bactam active as tazobactam sodium, argininate or free acid. 
The unit dosage forma are commonly stored in violo. 

¡nene aspect, provided herein is a unit dosage forra con-
tainer (e.g., a bag, vial or the like) containing a ara dosage 

40 form of a pharmaceutical composition formulated for 
parenteral administration for the treatment of complicated 
intra-abdominal infections, the pharmaceutical composition 
comprising a therapeutically effective amount of ceftolozane 
sulfate and tazobactam in a ratio of 1,000 mg ceftolozane 

45 active per 500 mg of tazobactam active, the pharmaceutical 
composition obtained by a process comprising the steps of 

lyophilizing a first aqueous solution in the absence of 
tazobactam, the first aqueous solution comprising ceftoloz-
ape sulfate, 125 mg to 500 mg of sodium chloride per 1,000 

so mg of ceftolozane active, L-arginine and/or citric acid in an 
amount effective to adjust the pH ofthe first aqueous solution 
to 5-7 (e.g., 6-7) prior to lyophilization to obtain a first lyo-
philized ceftolozane composition, 

lyophilizing a second solution in the absence of ceftolo-
55 zane, the second solution comprising tazobactam being lyo-

philized to form a second lyophilized tazobactam composi-
tion; and 

blendinq the first lyophilized ceftolozane composition 
and the second lyophilized tazobactam composition to obtain 

60 a blended pharmaceutical composition in the unit dosage 
forra. 

In one embodiment of the unit dosage form container, the 
tazobactam in the second solution is tazobactam acid, and 
wherein the tazobactam acid in the second solution is lyo- 

65 philized in the presence of sodium bicarbonate or sodium 
hydroxide, thereby forming lyophilized tazobactam sodium 
in the second lyophilized tazobactam composition. 
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lhe pharmaceutical compositions provided herein com-
prising ceftolozane sulfate and tazobactam in a ratio of 1 poo 
mg ceftolozane active per 500 mg of tazohactam active, can 
be obtained by a process comprising the steps of: 

lyophilizing a first aqueous solution in the ablence of 
tazobactam, the first aqueous solution coMprising cefloloz. 
ane sulfate ata pH of 5-7 (e.g, 6-7) prior to lyophIlization to 
obtain a first lyophilized ceftolozane composition, 

blending the first lyophilized ceftolozane cmposition 
with tazobactam te obtain an antibacterial cormxisitior.. 

As provided herein, cellolozane canbe stabilized in phar-
maceutical composition comprising ceftolozane anda stabi-
lizing effective amount of a stabilizing agent selected from 
the group consisting of: sodium chloride, dextrau 40, lactose, 
maltose, trehalose and sucrose. The pharmaceutkal compo-
sitions provided herein are based in pan 011 the surprising 
discovery that ceftolozane pharmaceutical compositions 
comprising these stabilizing agents demons, -ate improveil 
ceftolozane residual retes (e.g., % ceftolozane renuntig 
alter 3 days at 70 degrees C. as measured by HPLC) mellar 
chemical stability (e.g., lower reduction in ceftolozane purity 
measured by HPLC atter 7 days at 60 degrees C. in a stability 
test) compared control samples comprising cellolozane with-
out a stabilizing agent. 

Accordingly, preferred pharmaceutical antilmotic compo-
sitions can include ceftolozane sulfate anda stabilizing agent 
(e.g., 300 to 500 mg of a stahili ring agent per 1,000 mg 
ceftolozane active) in a lyophilized unit dosage form (e.g., 
powder in a container). The unit dosage form cante dissolved 
with a pharmaceutically acceptable carrier (e.g.,. 0.9% 
sodium chloride aqueous isotonic saline and/or water for 
injection), and ten intravenously administered. In certain 
ceftolozane compositions, the stabilizing agent :an be 
selected from the group consisting of: sodium chloride, lac-
tose, maltose and dextran 40, and/0r selected from the gtoup,  
consisting of: sodium chloride, trehalose and sucrose. 

Ceftolozane pharmaceutical compositions comprising 125 
to 500 mg (e.g., 480 to 500 mg) of sodium chloride per 1000 
mg of ceftolozane active demonstrate improved zeftolózane 
purity and chemical stability compared to pharmazeutical 
compositions comprising ceftolozane with comptuutively 
less sodium chloride. The disclosed ceftolozane pharmaceu-
tical compositions comprise a stabilizing amouat of sodium 
chloride (e.g., 125 to 500 mg of sodium chloride [more spe-
cifically, 480 to 500 mg] per 1000 mg of ceftolozane active). 
Certain preferred compositions demonstrate improved cef-
tolozane purity and chemical stability compeled with plias-
mar,eutical compositions comprising ceftolozane with zam-
paratively less sodium chloride. Por example. the disclosed 
pharmaceutical compositions typically comprise iess tan 
about 4% total impurity afterbeing stored for seven days at 60 
degrees C., as detertained by HPLC. Altematively, the dis-
closed pharmaceutical compositions comprisii leas tan 
about 2% of the impurity represented by Peal. 1 aten being 
stored for seven days at 60°C., as determined byl-IPLC (refer 
tate HPLC method described in Table 10), where Peak 1 has 
a retention timerelative to ceftolozaneofapproximately 0.15. 

Another embodiment of the invention is a container con-
taining a unit dosage form of a phannaceutical composition 
formulated for parenteral administration for the treatment of 
complicated intra-abdominal infections or complicated uri-
nary tract infections. The container can be obtairied by a 
process comprising the steps of: a) lyophilizing an aqueous 
solution comprising 189 mg sodium from sodium chloride 
per 1000 mg ceftolozane active in thé form.of ceftolozane 
sulfate and further comprising citric acid, and L-arginine to 
obtain a lyophilized ceftolozane composition; acd b) filEng a 

14 
sufficient quantity of the lyophilized composition into a con-
tainer to obtain a unit dosage form comprising a ceflolozane 
stabilizing effective amount of sodium from sodium chloride 
(e.g., 125-500 mg sodium chlorideper 1 g ceftolozane active) 

5 	and 1,000 mg ofceftolozane active in th.e form of ceftolozane 
sidfate. In one aspect, the pH of the aqueous solution is 6.0 to 
7.0. in another aspect the pharmaceutical composition is for-
mulated for parenteral administration by reconstituting the 
pharmaceutical composition in the container (e.g., with 10 

is mL of dilrent such as water for injection or isotonic saline) 
foltowed by addition of the reconstituted pharmaceutical 
composition to a carrier for injection (e.g., about 100 mL of 
15010b1C saline or other pharmaceutically acceptable canjea 
for inwavenous administration). Optionally, the container is 

is also filled with tazobactam (e.g., a lyophilized tazobactam 
such as tazobactam sodium). In yet another aspect, the phar-
maceutizal composition is a liquid composition comprising 
487 mg sodium chloride per 1,000 mg of ceftolozane active 
and tazobactam in an amount providing about 500 mg tazo- 

20 bactam acid equivalent per 1,000 mg of ceftolozane active, 
formulated for parenteral administration and die pH of the 
aqueous solution is 5.0 to 7.0 and preferably about 6.0 to 7.0. 

The phannaceutical composition in the container can also 
be a Ceftolozane/Tazobactam for Injection Drug Product, 

25 1000 mW500 mg. It is presented as a combination of two 
sterileactive powders in a single container intended for recon-
stitution and intravenous infusion. In one embodirnent, the 
drug product is prepared by converting ceftolozane sulfate to 
a sterile composition as a powder with excipients citric acid, 

30 sodium chloride and L-arginine. This is can done by lyo-
philization, as described herein. Tazobactam sodium drug 
substance can be presented as a sterile powder without any 
excipients. The tazobactam sodium drug substance can be 
lyophilized, spray dried or provided as a crystalline material. 

16 The drug product is ten prepared by aseptically filling the 
toro powders (e.g., the two separately lyophilized drug pow-
ders) sequentially into a single container. 

In an embodiment, the container of cefiolozancitazobac-
tara for injection contaba approximately 2255 mg ceftoloz- 

40 ane sterile composition powder that contains 1147 mg cef-
tolozane sulfate, which is equivalent to 1000 mg ceftolozane 
free base, as well as approxitnately 537 mg tazobactam 
sodium sterile drug substance, equivalent to 500 mg tazobac-
tam free acid. At the time of administration, the container is 

as reconstituted with 10 mL vehicle, sterile 5% Dextrose Injec-
tion USE, Water for Injection or 0.9% SodiumChloride Injec-
tion USP, ten the container contenta fiwther diluted in an 
infusion bag of 0.9% Sodium Chloride Injection USP or 5% 
Dextrose Injection USP, for administration. 

50 Ceftolozane-containing pharmaceutically compositions 
can also include an amount of tazobactam in a pharmaceuti-
cally acceptable form providing 500 mg of tazobactam acid 
per 1,000 mg of ceftolozane active as a composition formu-
lated for injection, or for reconstitution prior te parenteral 

55 administration. la one product presentation, ceftolozane/ 
tazobactam can be provided in a single container comprising 
ceftolozane sulfate and tazobactam sodium, administered by 
reconstituting a container-unit dosage form container of solid 
ceftolozane/tazobactam to form a reconstituted injectable 

60 formulation. la one presentation (e.g., fortreatment of certain 
urinary tract infections and/or certain intra-abdominal infec-
tions), each unit dosage form container of CXA-201 can 
contain 1000 mg of ceflolozane active (free base equivalent 
weight, e.g., provided as a pharmaceutically acceptable salt 

65 suches ceftolozane sulfate) and sterile tazobactam sodium at 
a quantity equivalent of 500 mg of tazobactam free acid, in a 
solid form. In another presentation (e.g., for treatment of 
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hospital acquired/ventilator-associated bacteria] pneumonia 
(HABPNABP)), a cellolozaneitazobactam product can 
include a unir dosage forra container providing 2,000 mg of 
ceflolozane active (e.g., as an equivalent amount of ceftolo-
zane sulfate) and 1,000 mg of tazobactam acid (e.g., as an 5  
equivalent amount of tazobactam sodium). Ceftolozane/tazo-
bactam compositions display potent antibacterial activity 
against various gram-negative infections such as, for 
example, complicated intra-abdominal infection (cIA1), cern-
plicated urinary tract infection (cUTI), or hospital acquired/ I°  
ventilator-associated bacteria] pneumonia (HABIWABP). 

Ceftolozane/tazobactam can he used for treating an infec-
tion selected from the group consisting of: nana!),  tract infec-
tions, and intra-abdominal infections. The methods of treat- 15  
ment can include intravenously administering to a patient in 
need thereof a therapeutically effective amount of a pharma-
ceutical composition comprising ceflolozane sulfate and an 
amount of tazobactam providing about 500 mg of tazobactam 
active per 1,000 mg of ceflolozane active, the ceftolozsne 20 
sulfate in the pharmaceutical composition obtained from a 
ceftolozane sulfate solid form obtained by a process compris-
ing the steps of: (a) combining the ceftolozane sulfate in a 
solid form, designated as ceflolozane sulfate Forro 2, with 
water, sodium chloride and L-arginine to form an aqueous 25 
solution; (b) lyophilizing the aqueous solution to form the 
lyophilized ceflolozane composition comprising ceftolozsne 
sulfate; (c) combining the lyophilized cellolozane composi-
tion with tazobactam to obtain the pharmaceutical composi-
tion; (d) reconstituting the pharmaceutical composition in a 30  
pharmaceutically acceptable diluent; and (e) intravenously 
administering the reconstituted pharmaceutical composition 
to the patient. 

EXAMPLES 
	 35 

Instrumentation and Methods 
Other tiran Comparative Example 1, and unless otherwise 

indicated, the following instrumentation and methods were 40  
used in the working Examples described herein. Comparative 
Example lis reponed in U.S. Pat. No. 7,232,129. 
X-ray Powder Di ffraction (XRPD) 

High Resolution X-ray Powder Diffraction experiments 
(Braker, AXS D8 Advance) were performed on a Braker D8 45 
diffractometer using Cu Ka radiation (40 kV, 40 mA), 0-20 
goniometer, and primary & secondary soller slits)(2.5°, a Ge 
monochromator and Lynxeye detector (opening angle of 
2.948'). Certified Corundum standard (NIST 1976) was used 
to check the performance of the instrument. Data collection so 
was performed by the Diffrac.Suite Measurement Center 
v2.2.47.1 and the data was analyzed and presented using 
Diffrac.EVA v2.0 or v3.0. 

Samples were tested under ambient conditions. Approxi-
mately 500 mg ofeach sample was grinded for 3 minutes in a 55 
manar and pestle. The sample was prepared by back-loading 
the triturated material into the sample holder and supporting 
it with a zero background silicon wafer. Once tightly packed, 
a flat surface was formal. When the sample was careftilly 
fiipped over, the appearance of the API in the sample holder 60 
appeared ver)' similar to the appearance of the Coiandum 
sample for NIST used to verify the performance of the instru-
ment. The scan type of coupled TwoTheta/Theta was used for 
the data collection. The angular range was 2 to 50°20, and the 
step size was 0.001° 20. Collection Time was 1 s for the each 65 
step. The geniometer radius was set at 280 mm. Sample 
rotation speed was 15 rpm, and the slit size was 0.1 mm. 

16 
Thermal Añalysis 

Thermo Gravimetric Analysis (TGA) experiments were 
performed on a TA Instniments Discovery Series TGA. The 
calibration for temperature was carried out using certified 
indium. Typically, 3-15 mg of a sample was fiattened into 
sealed aluminum pans. Data was acquired for samples with 
and without a pinhole. For samples with a pinhole, once 
crimped and sealed, the auto-sampler punched the lid of the 
sample with its interna' punchar rigjit before analysis of the 
sample. Samples were heated at 20° Chnin from 30° C. to 
400° C. Dry nitrogen was purged into the system during the 
experimem at a rete of 50 ml/min. The software used to 
control the instrument was TRIOS Explorer Software 
v5.3.0.75. Tli.10S software v2.40.1838 or v2.04.04563 was 
usad for data analysis. 

Differential Scalming calorimetry (DSC) experiments 
were performed on a TA Instruments Q2000 was used for 
collecting DSC data. The calibration for thermal capacity was 
carried out using sapphire and the calibration for energy and 
temperature was carried out using cenified indium. Typically, 
3-10 mg of a sample is flattened into sealed aluminum her-
metic pans and the weight accurately recorded. Data was 
acquired for samples with a pinhole ¡ate lid. Samples were 
heated at 10° C./min from 25°C. to 350°C. Dry nitrasen was 
purgad into the system during the experiment at a rete of 50 
mllmin. The software used to control the instrument is the 
Advantage for Q Series v2.9.0.396 and the Thermal Advan-
tage v5.4.0. Data was analyzed using the Universa] Analysis 
v4.5A software. 
Gravimetric Dynamic Vapour Sorption 

Gravimetric dynamic vapor sorption data (FIG. 5) was 
obtainedusing a SMS DVS Intrinsic moisture sorption analy-
ser, controlled by DVS Intrimic Control software v1.0.0.30. 
The sample temperature was maintained at 25° C. by the 
instrument controls. The humidity was controlled by mixing 
streams of dry and wet nitrogen. The relative humidity was 
measured by a calibrated Rotronic probe, located near the 
sample. The weight change of the sample as a function of 
RH was constantly monitored by the microbalance (accuracy 
1-0.005 mg).Approximately 40 mg of sample was placed in a 
tared mesh stainless basket ander ambient conditions. Weight 
reference was established at the start of an experiment. Mois-
ture.sorption isotheim parameters were described as below: 

TABLE 2 

Parameters 	 Values 

Sean I Adsorption 
Scan 2 Desorption/Adsorption 
Interval ;RH step incrementa) 
Nwnber of Secas 
Flow rafe for dry and wet 
Temperature 
Temperature Stabiiity 
Time out 

411P/0-90% 
90%-0%/0%-40% 
10% 
4 (double cycle) 
200 ml/mm 
25°  C. 
0.2° Cimba 
Ibis 

Data analysis nos modernicen in Microsoft Excel usiog DVS Analysis Suite v6.0. The 
sample was recovered atter completion of 	nothenn experiment for solid state choree- 
tenzation 

Spectroscopy Measurement 
Reman spectra were acquired on a Fourier transform 

Raman 960 spectrometer (Mermo Nicolet) equipped with a 
gernmnium (Ge) detector. Wavelength verification was per-
formed using sulfur and cyclohexane. Each sample was 
packed into a pellet and placed into a pellet holder accessory 
for analysis. ,Approximately 0.505 W of Nd:YVQ, laser 
power (1064 nm excitation wavelength) was used to irradiate 
each sample. Peak lista were generated using 0151IVIC soft-
ware 4.2a. 



JIS 8,906,898B1 
17 

(Comparative) Example 1 

Solid Fonn Disclosed in U.S. Pat. No. 7,129,232 

A solution of 713-[(Z)-2-(5-amino-1,2,4-firladiazo1-3-yff - 5 
2-(1-carboxy-1 -methylethoxyimino)acetamidal-3-13-
amino-443-(2-aminoethyDureido]-2-methyl-i - 
pyrazolio}methy1-3-cephem-4-carbóxylate ç3 gy in water 
was purified by preparativa HPLC utilizing ODS cohann.The 
eluate containing a desiredproduct was concentratedto about 10 
1.5 L in vacuo. The concentrate was adjusted te about pH 1 
with concentrated hydrochloric acid and chrowidtegraphed on 
Diaion0 HP-20 (6 L) eluting with 20% aqukdus 2-propánol. 
The eluate was concentrated to about 800 mrin vacuo, alád 
2M sulfuric acid (17 ml) was added. The resuiting solution 15 

was lyophilized to give a sulfuric acid san as an amorphous 
powder (23.6 g). 

The powder was dissolved in water (71 ml) and etanol (57 
m1). After addition of sea! crystals (310 mg), which resulted 
in the precipitation of white solid, lije mixture was Varad for 20 
1 hour. A mixture of etanol (47 ml) and water (37 ml) was 
acidad over 30 minutas, and etanol (33 mi) was added over 20 
minutas. 'Chen lije slurry was stirred for an additioral 1.5 hour. 
The precipitate was collected by filtrado; washed with eta-
nol/water (60 m1/20 ml) and etanol (60 ml) and Oried te give 25 
70-[(Z)-2-(5-amino-1,2,4-thiadiazol-3-y1)-2-(1-carbo:ry-1- 	, 
methylethoxyimino)acetamido]-3-{3-amino-443-12-amino-
ethylyneidol-2-methy1-1 -pyrazolio}methy1-3-cepoem4-
carboxylic acid hydrogen sulfate as crystals (17.3 g). 

IR(KBr) 3353, 3183, 1778, 1652, 1558, 1403, 1321, 1143, 30 
1118, 997, 619 cm' 

'11-NMR (D20) 8 1.61 (611, s), 3.10-3.55 (611, m), 3.71 
(3H, s), 5.02 and 5.23 (2H, ABq, .1=16.7 Hz), 5.25 (114, 
1-4.9 Hz), 5.87 (111, d, 3=4.9 Hz), 7.91 (111, s) 

ESI-MS: in/67 (M+H.) 	 35 

TABLE 3 

40 

8.0 
12.7 
13.8 
16.1 
18.9 
20.4 
21.5 
22.4 
23.3 
24.0 
25.5 
26.7 
27.9 
28.5 
31.3 

1286 
585 
47.3 
618 
520 
748 
667 

1058 
944 
618 
813 
472 
537 
455 
390 . 

45 

50 
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alloWed to stir for 1-3 hours at 0-20° C. A precipitation was 
observe* Isopropanol (20-40 volumes relativa to active cef-
toiozane),:vas added to result in a slurry at 0-20° C. Alter 
filtrador., crystalline ceftolozane sulfate was obtained. The 
X-ray powder diffraction partem of te crystalline cefioloz-
ane sulfate Fonn 1 is depicted in FIG. 1 (upper diffraction 
patena), and te corresponding data is summarized in Table 
4. The Raman spectrum of te crystalline ceftolozane sulfate 
Form 1 depicted in FIG. 2 (upper spectrum), and te cor-
responding data is summarized in Tabla 5. 

TABLE 4 

X-ray Powder Diffraction Palle= for 
Ceftolozane Sulfate Farm I (Example 2a) 

Cellolozane Sulfate Forro 1  

Angla [0201 Intensity teta] 

4.061 629 
8.126 3275 
9.748 511 

10.865 521 
12.435 399 
12.954 1225 
14.016 867 
14.284 613 
16.177 937 
16.413 1048 
18.796 847 
19.094 1024 
20.200 484 
20.596 1393 
21.732 1260 
22.278 1098 
22.603 1816 
23.490 1554 
23.777 720 

'24.268 913 
25.059 590 
25.678 1261 
25.929 1107 
26.746 701 
27.102 619 
28.017 854 
28.668 792 
29.265 390 
29.972 428 
31.513 612 
32.917 423 
33.526 512 
34.773 431 
35.191 408 
36.111 361 
37.504 366 
37.723 373 
38.778 312 
40.860 299 
41.631 350 
44.084 281 
45.997 235 

X-ray powder diffraction ~Wats (by Rigtku 
X-rav Diffraction system Maitines)  

20 	 intursay 

  

TABLE 5 
Xray Cut40 kV/30m4 55 

  

Example 2a 

Novel Sol id Fonn of C,eftolozane Sulfate 	60 

Te obtain ceftolozane sulfate in Form 1: cefidlozane (1 
molar equivalent) was dissolved in water to afford a solution 
ata concentration of 80 g/L. An aqueous solution of sulfuric 
acid (20-98%, 2.5 molar equivalents) was added at 0-20° C. 65 
The resulting solution was seeded with ceflolozane sulfate 
(0.01 to 0.05% by weight relativa to active cefiolccane) and 

Raman peaklist for ceftolozane sulfate Fono 1 (Example 2a) 
Ceftolozane Sulfate Fonn 1 

Position (en») Intensity (Cotona) 

170.5 5.402 
276.5 3.852 
336.1 2.78 
381.2 3.172 
424 3.787 
530.9 2.974 
596.7 2.607 
680.9 3.385 



TABLE 6 

X-Ray Powder Diffraction Pattern of Ceftolozane 
Sulfate Farm 2 (Example 2b) 
Ceftolozane &filiare Fono 2 

Anglo [°201 Intensity [eta] 

4.400 348 
7.900 950 
8.827 700 
9,381 466 

11.000 536 
12.861 981 
13.980 534 
14.913 479 
15.753 610 
17.673 711 
18.749 923 
20.488 858 
21.692 924 
22.178 1020 
24.235 1000 
25.678 842 
27.180 708 
28.593 587 
31.482 546 
33.277 508 
34.397 438 
35.789 428 
37.767 403 

ZA- 
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TABLE 5-continuad 

Ramas peaklist for ceftolozane sulfate Form 1 (Example 2a) 
Ceftolozane Sulfato Forre 1  

Pasillos (cm-') Istensity (Consta) 

716.2 3.408 
742.8 2.64 
798.8 4.282 
818.7 12.666 
951.9 3.307 
980.9 5.46 

1055.3 1.794 
1135.1 3.121 
1242 2.471 
1285 2.835 
1328.5 3.402 
1418.7 7.494 
1464.1 15.996 , 
1607.7 10.642 
1642.3 8.252 
1786 3.322 
2893.8 5.885 
2940.8 7.789 
2976.1 8.658 
3265.8 1.5 

20 
TABLE 7 

Ramas peak list for callolozase sulfate 
fono 2 (Example 2b) 

Ceftolozane Sulfate Fono 2 

‘PosPaok (cm-') Istensity (Counts) 

15i 11.618 
297 6.341 
418.1 6.139 

. 	 53a2 4.005 
596.8 5.656 
683.7 7.226 
716.2 6.968 
802.3 7.45 
976.9 7.505 

1174.2 3.974 
123/ 4.582 
1282.1 6.944 
1328.1 6.577 
1414.3 12.424 
1458.5 25.508 
1502.2 20.204 
1637.5 15.561 
1782 5.388 
2? 52.8 7.588 

5 
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Example 2b 	 25 cefolozane sulfate forre 2 is depicted in FIG. 5. A reversible 
The moisture sorption/desorption property of crystalline 

hysteresis associated with oread 23% w/w water between 
O% and 90% relative humidity (RH) was observed. The DVS 

	

To obtain ceftolozane sulfate in Form 2: The ceftolozane 	isotherm in FIG. 5 is consistent with the presence of two 
sulfate obtained as Form 1 in Example 2a was dried under 30 crystalline forms that can be interconverted as fimetion of 

	

vacuum and nitrogen bleed at 20-25° C. for 24-48 hours to 	relative humidity. The presence of ceftolozane sulfate solid 
afford crystalhne ceftolozane sulfate (vacuum-dried). The 
X-my powder diffraction pattem of the crystalline ceftoloz-
ane sulfate Form 2 is depicted ja FIG 1 (lower diffraction 
partem), and the corresponding data is summarized in the 
Table 6. 

Novel Solid Form of Ceftolozane Sulfate 

The Reman spectrum of the crystalline ceftolozane sulfate 
Form 2 is depicted in FIG. 2 (lower spectrum), and the cor- 6 
responding data is summarized in Table 7. Table 7 lists the 
Raman shift peaks for ceftolozane sulfate in solid Forre 2. 

Fonn 1 and cettclozane sulfate salid Form 2 in the sample 
tested to obtain the DVS isotherrn in FIG. 5 was confirmad by 
a variable humidity XRPD (VH-XRPD) measurement, basad 

35 on the XRPD diffraction angles disclosed for Form 1 an 
Form 2 of ceflolozane sulfate (as disclosed herein). Referrin 
to DVS the isotherm plot in FIG. 5, the lower curve corre 
sponds to ceftolozane sulfate in solid Forre 2, and the uppe 
curve is corresponda to ceftolozane sulfate solid Fomi I 

40 The Y-axis of the DVS plot is change in mass. The X-axis o 
DVS plot refers to the percent relative humidity (RH) of th 
sample. Reference point 10 in FIG. 5 is the starting point o 
Forre 2 in DVS experiment. The lower portion of the curve in 

a FIG 5 was obtoined by measuring the change in mass of 
45 ceftolozane sulfate sample in solid Form 2 while increasing 

relative humidity (RE) in the sample, starting at reference 
point 10 of the lower curve from reference point 10 (Form 2 
and movingtcward reference point 20 (Pone 1). Based on the 
data collected, the ceftolozane sulfate jato sample converted 

so frona Form 2 to Form 1 when the sample was exposed to 
conditicns between 50% RH (reference point 12) and 70% 
RH (reference point 15). Referring again to the lower curve in 
FIG. 5, ceftolozane sulfate Form lis present in the sample 
from 70% RH to reference point 20, where the sample is 

55 ceftolozane sulfate is in crystalline Fonn 1. Referring to the 
upper curve in FIG. 5, from reference point 20 to reference 
point 30, the ceftolozane sulfate in the sample material 
remains as solid Form I. From reference point 30 to around 
20% RH (reference point 35 on the upper curve), the crystal- 

60 line fonn of ceftolozane sulfate in the material transforms 
from Form 1 to roma 2. As the relative humidity of the sample 
was dropped below about 20% on the upper curve between 
reference point 30 and reference point 40 (O% RH), the cef- 
tolozane sulfate became more amorphous, with some residual 

5 Form 2 remaining at reference point 40. In summary, the 
ceftolozane sulfate in the sample was present as Forre 2 at 
reference point 10(40% RH), converted from Form 2 to Form 

e 
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1 between reference point 12 and reference point 15 on the 
lower curve, remained as solid Form 1 betweeti reference 
point 20 and reference point 30 on the upper carie, converted 
from Forra 1 to Form 2 between reference poli 30 and 
reference point 35 on the upper curve, and remained as solid 5 

Forra 2 from reference point 35 to reference point 40 (with 
formation of amorphous solid form in the sample). From 
reference point 40 to reference point 10 (lower curve), 
increasing the relative huraidity of the partially drystalline 
Form 2 material resulted in material retaining soma cefailo- lo 
zane sulfate in Form 2 (partially crystalline). ' 

Example 2d 

Representative Example of Process to Manufaanir.  e 	15 

Novel Solid Forms of Ceftolozane 

Using the process of steps 1-9 (below), active c.oftolozane 
sulfate Form 2 was obtained as a white solid, with a weight 
assay of 76.2% (determinad using ['PLC meted described 20 
with respect to parameters in Table 9 herein) and purity of 
98.7% AUC using EIPLC (determined using HPLC mefrod 
discussed with respect to Table 10 herein). The ceftolozane 
sulfate solid Forra 1 was prod uced by steps y steps -8 in the n e proce-
dure below, and further dried (step 9) to obtain ceftolozane 25 
sulfate Form 2. The materials used in the prccess liclow are 	 TABLE 81) 

summarized in Table 8a. 

TABLE 8a 

tic purity of ceftolozane in ceflolozane sulfate 
in different solvent systems used to 

obtain different sol id fonos 

  

22 
about 8.5% and IPA levels are less tan about 5000 ppm. 
Typically, drying is complete within 48 hours. 

Example 3 

C-omparative Ceftolozane Solvent Stability Test 

This stability study was to evaluate stability and purity of 
ceflolozane sulfate in different solvent systems. 

Sanmle 1 was a solvent system used to prepare crystalline 
cebo lomne sulfate from a mixture of isopropanol and water, 
as alescnand in Example 2b Cm dan absence of etanol). 
Simple 2 ;vas solvent system used to obtain crystalline cef-
tolozane sulfate prepared according to the procedure of U.S. 
Pat. No. 7,129,232, wherein the crystals were precipitated 
from a mixture of etanol and water 

Sareple 1 and sample 2 were maintained for 6 days (as 
describan in Example 2a, with continuous stirring). The 
purity of ceftolozane in the samples in each solvent system 
was measured by HPLC at day 0, day 3, and day 6. 

Surprisingly, the purity of ceftolozane sulfate in sample 1 
was signiflcantly higher thanthe purity of ceftolozane sulfate 
in sample 2 (sea Table 8b). 

Step Material 
MW 

(8/mol) 
Active 
(158) 

Amourc ii.dume Molar 
(1-) 	(1-3/41) 	equiv- 

1 Ceftolozane solution 666.7 55 650 N/A 1 
2 50% (w/w) 

sumirle acid 
98.1 41 29 N/A 23 

3 Ceftolozane 
sulfate seed 

666.7 0.20 N/A N/A N/A 

5 Isopropyl 
alcohol (IPA) 

60.1 N/A 1653 30 N/A 

8 1PA/Water (4:1) N/A N/A 221 4 N/A 

Polish fllter (1 micrometer) the ceftolozane solutioxi (85 
g/L, 650 L) bato a gjass lined reactor and adjust the tem-
perature to 8-12 degrees C., with a target temperature of 
about 10 degrees C. This temperature is maintained 
through step 6. 
Charge 50% (w/w) sulfuric acid (41 kg, 29 L, 2.5 equiv) to 
the solution in the reactor of step 1 over 10-30 rainutes. 
(optional, but preferred step) Charge ceftolozane sulfate 
seed (200 g, 0.3% by weight) to the reactor and stir the 
solution. (Note: nucleation was observed upon leeding) 
Age the batch in the reactor for 3 hours. 
Charge isopropanol (IPA) (1650 L, 30 volumes) to the 
reactor al a uniform rete of 4-5 voltr. (6-7 hours addition 
time, target of 6.5 hours) (Note: if the rate of IPA addition 
is not uniform, the purity levels of the product may be 
adversely affected) 
Stir the batch in the reactor for 1-6 hours, target of 2 hours. 
Filter the resulting ceflolozane sulfate slurry from the reac-
tor. 
Wash the ceftolozane slurry cake from step 1  with a solu-
tion of 4:1 IPA/water. (221 L, 4 volumes) 
Dry the solid from step 8 ander vacuum usmg a dry nitro-
genpurge, with a nitrogen temperature of 15-35 degrees C., 
target temperature of about 25 degrees C. The drying pro-
cess should be monitored by measuring for residual water 
and IPA levels in the cake. The chying process can be 
completed when the residual water content is leas tau 

30 Sample O 3 days 6 days 

1 96.74% 87.39% 81.94% 
2 96.84% 87.97% 67.74% 

35 
Example 4 

Determination of Water Content for Czystalline 
Ceftolozane 

ao 
Water content of crystalline ceftolozane sulfate (prepared 

according to Example 2a as Forra 1) was determined using a 
Meter Toledo Karl Fischer volumetric titrator V30 tal was 
connected to a Meter Toledo Stromboli oven sample 

45 changer. AquaStar CombiTitrant 5 (EMD; Cal. No. 
1.88005.1945; Lot No. 51096) was used as the titrant and the 
AquaStar Combi-Methanol (EMD; Cal. No 1.88009.1045; 
Lot No 53046) was used as the solvent. Por data processing, 
the LabX software version 3.1.1.0 was employed. 

50 	The Hydranal Water Standard for ICF-Oven (Fluka; Cal. 
No. 34693; Lot No. SZBBOIOAV) that is expected to contain 
5% water was weighed accurately in duplicateatorvery Mose 
to 200 mg. Thecrystallineceftolozane sulfate (15-18 mg) was 
weighed accurately in triplicate in sepztrate 20 mL Stromboli 

ss sample vials. The vials were sealed with aluminum seals and 
rubber caps. A blank vial was prepared by sealing an empty 
20-mL Stromboli vial with the aluminum seal and the rubber 
cap. The blank vial was used to determine the background 
moisture in ah inside the vial, AB the vials were loaded amo 

60 the Stromboli oven sample changer. Weights of the water 
standard and the ceftolozane sulfate wet cake samples were 
entere,d ja grams into the tratar program sequence. The 
water standard and the blank vial were equilibrated at 150°C. 
The crystalline ceftolozane sulfate samples were equilibrated 

65 at 130°C. Nitrogen flow al 40-50 mL/min was used to trans-
por+ the moisture through the transfer tube into the titator 
vessel. Mixing time of 180s was used and the data acquisition 



Acx Cstd x1000 x Vc 
Potency, as- is (pg/mg) - 	  

where: 
Aceftolozane peak arta in sample chrornatogram; 
Cstdeftolozane Standard 1 concentration, mg/mL; 
Astd=Avmage peak ama in 6 injection of standard 1; 
Wc-Sample weight, mg; 
Vc=Sample volume, mL; 
1000oriversion from mg to ug; and 

Mean Potency, as-is 
(Preparmfion 1 +Prepandion 2) 

(Pgrnag) - 	 • 2 

And X Wc 

US 8,906 
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was programmed with a maximum start drift en 5 µWrain.At 
the end of the runs, the titrator software provided the water 
content in percent by weight. The KF titrator passed the 
accuracy test as the mean of die duplicate readings for die 
water standard was between the acceptance range of 4.80- 5  
5.20%. Water content resulto for crystalline ceftolozane sul-
fate derivan from the triplicate weighings were recorded and 
the mean was reponed. The water content determination fol-
lows the equation as described below. The software describan. 
aboye provided te result directly after factoring in the back-
ground moisture content without any need for manual com-
putation. 

A sample of crystalline ceftolozane sulfate prepared 
according to Example] was foundto contain about 26.3% by 15  
weight of water. 

,898B1 
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fe retention time of Standard Saluden 2 must be ±5% of the 

RT of the-first injection of Standard solution I. 
The tailing factor of ceftolozane in Standard Solution 2 must 

be 0.8 te .15. 
Each sample is prepared in duplicate and injected in sin-

glet. The ratio of the response factor for the two preparations 
must be withi a 100.021.0%. 

The mean ceftolozane potency, as is, is reponed in rig/mg 
and calculated using the following equations: 

Standards and samples are prepared in 50 mM sodium 
perchlorate monohydrate, pH 4.00. A quantitation standard 
(Standard Solution 1) and check standard (Standard Solution 
2) are both prepared at the targetworking concentration oí 0.3 25  
mg/mL taking into consideration the potency, as-is of die 
standard. The samples are prepared at the target active con-
centration of 0.3 mg/mL by preparing a sample at 0.04% 
(w/v). 

The mean ceftolozane assay, anhydrous and sulfuric acid 
30 free, is reponed in % and calculated using the following 

equation: 

Example 5 

Determining Concentration of Ceftolozane 	zo 

TABLE 9 

HPLC Conditians for Concentration Determination 

Colman 
Guard columna 
Colunm temperature 
Modo 
Mobile phasc A 
Mohile phase 

Pump m'acidia= 

Develosil ODS-UG-5, 5 pm, 250 t'un x 4.6 aun, os- -  
Develoail ODS-UG-5, 5 pm, 10 mm x 4.0 mm, or 
40° C. t 2° C. 
Gradient 
50 mM Sodium perchlorate monohydrate, pH 2.50 
90% Acetonitrae in water 

'lime (alba) 	%A 
	

%B  

/lean AssaY(%)=Potency410/(100-Water Content-
Sulfuric Acid); 

35 	
where: 

Potency=Mean Potency, as-is, ug/mg; 
Water Content=Mean water content, %; and 

ao 
	Sulfuric anid=Mean sulfuric acid content, %. 

0.0 89.5' 10.5° 
10.0 89.5° 10.5' 
15.0 20 80 
20.0 20 80 
20.1 89.5" 10.5' 
25.0 89.5" 10.5' 

Flow rafe 
Detection 
Auto-sampler 
ICITpCISWIE 
Injection volume 
Ron time 

1.0 mL/minute 
Uy at 254 pm 

104 
25 minutos 

°The roto of Mobik picase Ato Mobik adiase amar be edjusted to achieve the dmired 
retcntiou time, howenr the isocntic ratio of %A to %Bmust bc identical for batir loando 
Sana. 

Standard Solution lis injected 6 times at the beginning of 
Use analysis to establish system suitability and precision. 

System suitability is detenninedusing Me first injection of 
Standard Solution I. The tailing factor for the ceftolozane 
peak be 0.8 to 1.5 and the retention time for the ceftolozane 
peak should be 10.0 minutes ±1.5 minutes. The binaty pump 
sening at isocratic portions of the run (0.0 to 10.0minutes and 
20.1 to 25.0 minutes) may be adjusted to achieve the ceftolo-
zane peak retention time. 

Additional suitability of the run is detennined by: 
% RSD of 6 Standard Solution 1 injections must be lees tan 

1.0% The Standard Solution 2 recovery must be 
100.0±1,0%. 

Example 6 

Determining Water Content of Ceftolozane 
45 

Testing for water content is perfonned using a Stromboli 
oven and volumetric titrator in triplicate using separate 
weighing of 180 mg of ceftolozane sulfate. The test sample is 
extracted at 136° C., moisture is transferred to the titration 

50 vessel and titrated to the potentiometric end point. The per-
cent moisture is calculated based on the weight of the sample, 
and the average of the three values is reported. 

55 
	 Example 7 

Determination of the Purity of Ceftolozane Sulfate 

Canoloanne sulfate samples are prepared at a concentra- 
60 tionof 1 mg/mL in diluent (50 mM sodium perchlorate mono-

hydmte, pH 4.00). The system suitability standard (SST) is 
prepared ata concentration of I mg/mL of ceftolozane sulfate 
containing specified impurities in diluent (50 mM sodium 
perchloratemonohydrate, pH 4.00). Ceftolozane samples and 

65 SST are stored in a refrigerated autosampler tray at 4±2° C. 
and the samples are only stable for 5 hours at this condition. 
The HPLC conditions are listed in Table 10. 



qt, imparity  (% mea) x  Area " x 100%; 

where: 
Arear „,,=Area of the Individual Impurity Peak, and 
Arean,,arTotalArea of ah peaks >LOD including Ceftolo-

zatte. 

Areacdrocasac 
Purity (% Arca) - 	 100%; 

Alternad 

where: 
Areanfic„02„,,„=Area of the Ceftolozane Peak; and 
Area,,Ü=TotalArea of ah l peaks aLOD including Ceftolo-

zane. 

Total Impurities(%Area)-100-Purity(%Area). 

arrume: 

Ceftolozane Precipitation Ttme as Function of 
Solutkn Concentration, 2 to 8° C.  

Ceftclozane Sulfate 
Coneentration,mg/g 

Ceftolozane Free Base 
Concentntion, mg/g 

Time to 
Precipitate 

200 174 2 hours 
189 165 <18 hours 
178 156 >24 hours')  
172 150 >48 hours 
149 130 >24 hours' 

US 8,906,898 81 
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Indiviütial specified impurities equal to or aboye the limit 
of guantitation (LOQ) (0.027%Area) are reponed. Individual 
unspecified impurities equal to or aboye 0.03% are also 
reponed. 

TABLE 10 

HPLC Conditions for HPLC-RT, Related Substan >es, 
and Purity Metbod 

Column 
	

Develosil ODS-UG-5, 5 pm, 250 mmx 4.0 Mas, or 
equivaknt 

Guaral columna 
	

Develosil ODS-UG-5, 5 pa; 10 mm x 4.0 mm, ar 
equivalent 

Coturno temperan= 45° C. 2° C. 
Mode 
	

Gradient 
Mobile pisase A 
	

50 mM Sodium perckorate monohydrate, pH 2.50 
Mobile pisase B 
	

63 raM Sodium perchlorate monobydrate, pH 2.50: 
ACN 130:20 

5 

Example 8 

Pump conditions 
	

Tlme (mia) 	%A 	• 	% 

	

0.0 
	

97.5 
	

23 

	

3.0 
	

73.0° 
	

27.0° 

	

33.0 
	

68.0' 
	

32.0° 

	

63.0 
	

0.0 
	

100 

	

88.0 
	

0.0 
	

100 

	

88.1 
	

97.5 
	

2.5 

	

105.0 
	

97.5 
	

2.5 

Hans este 
Detection 
Auto-sampler 
temperature 
Injeetion volts= 
Run time 

1.0 nal/mi:sute 
UV at 254 nm 
4•C.: 2°C. 

104 
105 minutos 

'The rabo of mobilo ¡tase A to =He phase B from 3 to 33 mitotes may be arbusto: to 
acbieve tbc desired mienten timen 

At the beginning of each run, the diluent blank and SST are 
each injected in singlet. The system suitability is detennined 
using the SST. The taifing factor for the ceftelozane peak 
should be between 0.8 and 1.5, and the retentim time for the 
ceftolozane peak should be 24.0 minutes 21.0 Mill'SCS. The 
binary pump setting between 3.0 and 33.0 miman may be 
adjusted to aehieve the ceftolozane peak retention time. 

Each sample is prepared in singlet and injectedtwice. Only 
impurities >LOD (0.008% Área) are integmted. The peak 
ama percentage for each impurity >LOD is Calcen directiy 
from the chromatogiam. The mean % ama of each peak is 
calculated and the absolute difference of any acá in the two 
replicates cannot be >0.030%. The purity and related sub-
stances are deteratined based on relative area % of each peak 
with respect to the total peak area of the sample. The total 
impurities are the sum of the individual impuríties >LOD. 
The calculations are as follows:  

.Lyophilization of Ceftolozane Sofid Forma 

10 	Sterile ceftolozane compositions suitable for combination 
with tazobactam to form a pharmaceutical composition are 
preparad as a lyophilized powder from the ceftolozane sulfate 
comprising solid Form 2 by compounding the drug substance 
with excipients hato an aqueous solution, aseptically filtering 

15  the solution, lyophilizing the solution, ten shading, sieving 
and packaging the sterile lyophilized powder. The physical 
stability of the bulk solution at varying concentrations was 
examined and concentrations up to 150 mg celitolozane free 
base/g solution were found suitable. Ah l the registration 

20  batches were preparad using 150 mg/g ceftolozane caneen-
tration in the compounding solution and Mis concentration is 
proposed for commercial rlianufacturing. The resulting cef-
tolozane composition solubility was assessed in a concentra-
tion range proposed for manufacturing, in the presence of 

25  eycipients intended for use in the ceftolozane formulation for 
use :a the pharmaceutical composition. Por each sample, the 
tulio of active to inactive ingredients was conserved. Samples 
were ad.l-asted to pH 6.9, held at 2 to 8° C., and visually 
assessed for any precipitation. The resulta are reponed in 

30 Table 11. 

TABLE 11 

35 

40 

Dlast observatioa vats nade at 24 bounno algo of precipitafion was meced 

45 	Based on these observations, ceftolozane bulk solution 
with up to 150 mg ceftolozane free base/g solution can be held 
at 2 to 8° C. for up to 48 hours without affecting its solubility. 
The suitability of compounding to 150 mg ceftolozane free 
base/g solution at 10±2.5°C. was confirmedduring the manu- 

so facturing of batches on the laboratory, pilot and engineering 
scale. Refer to Table 12 for solution stability data. The purity 
data in Table 12 was generated using a modified version ofthe 
HPLC method that is described in Table 10. As pan of the 
modification, the initial mobile phase composition comprised 

55 75% =bite phase A and 25% mobile phase B. This campo-
sitian was ramped to 70% mobile phase A and 30% mobile 
phase 9 in 30 minutes followed by a ramp to 100% mobile 
phase B over another 30 minutes. The 100% mobile phase 13 
was ten held constant for 25 minutes, after which the mobile 

60 phase composition was reverted back ja 0.1 minutes to initial 
conditions of 75% mobile pitase A and 25% mobile phase B. 
Columo equilibration was performed lit the initial mobile 
phase composition for up to 110 minutes, thereby giving a 
total HPLC tan time of 110 minutes. The limit of quantifica- 

os tion determinad forte method with the conditions described 
, aboye was 0.015% and therefore al] individual specified 

impurities equal to or aboye 0.015% were reponed. 
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A compounding temperature of 10±2.5°C. was targeted to 
maintain ceftolozane purity. Te confirm the compounding 
solution stability, a study was conducted in whichceftolozane 
was prepared according to the pmposed commercial process 
and held at 10:2.5° C. for up to 2 days. The solution was 
sampled and tested for ceftolozane potency and purity/impu-
riti es. The results are provided in Table 12. The data indicated 
ceftolozane impurity profile was essentially unchanged from 
initial and nene of the individual related substances mercases 
more than 0.10%. Therefore, a 24 hour maximum hold time is 
proposed for the commercial process. 

TABLE 12 

Effect of Hold Time on Purity/Impurity 
Profile of Ceftolozane Bulk Solurion 

Time from Compounding te  4 11 18 b 24h Day 2 

Total Purity,% 98.7 98.8 98.6 98.6 98,7 
Total Impurities, 1.2 1.4 1.4 1.3 1.3 

28 
However, on occasion, the collapse may be prevented by 
usingprimarydrying temperatures that are dictated by the full 
melt temperatura, vs. the glass transition temperature. There-
fore studies were performed to examine these two tempeni-
tures more closély, to determine which would be controlling 
to prevent col lapse. A variety of lyophilization conditions and 
instrumentation have been shown to be robust across a range 
of lyophilization conditions. Therefore, the preferred lyo-
philization cycles for producing lyophilized ceftolozane 
composaions from a solution comprising ceftolozane sulfate 
salid Form 2 have one or more of the following characteris-
tics: (1) not more than 150 mg ceftolozane free base/g bulk 
solution concentration, (2) no more than 3 cm fill depth, (3) 
cycle parameters including: freezing to at least -40 to -45° 
C., (4) drying to no more than 40° C., (4) single- or multi-step 
drying and setting chamber pressure during the start of pri- 

Example 9 

mal)' chying at not more than 400µ bar. 

10 

15 

20 

The ceftolozane bulk solution is rendered aseptic via ster-
ilizing filtration. For routine coramercial manufacturing, the 
compounded solution will be first filtered through a biobur- 25 
den reduction filter, 0.45 inn, then sterile filtered thmugh two 
0.22 pm filters in sequence and the filter integrity of the 0.22 
hm filters will be assessed during manufacturing. 

Through a series of studies en both the pilot and commer-
cial scale lyophilization equipment, the lyophilization pro- 30  
cess was developed and shown to be suitable: across a rause 
of solution concentrations, ata variety of lyophilizer fray fill 
depths, following an array of lyophilization cycle parameters, 

Preferred Phamiaceutical Composition Comprising 
Ceftolozane and Tazobactam ("Representative 

Ceflolozane/Tazobactam Product") 

Pharmaceutical compositions comprising ceftolozane and 
tazobactam can be obtained as described herein. A Represen-
tative Ceftolozane/Tazobactam Product is described in Table 
14 below (cettolozane and tazobactam for injection) as an 
injectable antibacterial combination product consisting of the 
cephalosporin antibacterial ceftolozane sulfate and the beta-
lactamase inhibrtor tazobactam sodmm for intravenous 
administration. 

TABLE 13 

Excieients Usad in Ceftotozane compositian 

Component Function 
Amowit, 
mg/Vial 

-Concentration 
lis Infusion 
Solution, % 

Cinic acid Chelating 
agent 

21 0.02 

Soditun ' 
Chloride 

Stabilizing 
agent 

487 0.49 

L-arginine Alkalizing 
agent 

6000  
Q.S. for 

pH 	• 
hdjustrnent 

0.60 

Rationale for 	!motive Ingredients 
Inclusion 
	

Database (ID) Rango 

Usad to prevent 0.0025 to 50% 
discoloration 
and degrad.ation 
Usad as a 	0.187 Co 45% 
stabilizing agent 
for ceftolozane 
sulfate 
Usad to adjust 0,29 to 88% 
ceftolozane 
solution pH 

tiarginine is addcd as needed to achico, pH ( .5 a 0.5; 600 mg pa vial considend a reprmcntative total arneses. 

TABLE 14 

Uña Compositions of CellolozanetTazobactam 
for Iniection. 1000 mR/500 me  

in a number of lyophilizers, of both laboratory and commer-
cial scale, and in two different commercial lyophilization 55  
suites. 

In particular, six different lyophilizers (ene pilot lyo- 

Elmetion 

Nominal 
Composition 
mg per Vial 

Active 1147 

Chelating Agent 21 

Stabi I izing Agent 487 

philizer and five commercial lyophilizers from two separate 
commercial suites) have been used to make acceptable cef- 
tolozane material using concentrations as high as 150 mg 60 	

Component 

ceftolozane free baseig solution, fill depths from I to 3 cm, 	Ceftolozane 	Ceftolozane 
and different cycle parameters, including primary and/or sec- 	°°111P°51ti<m» 	Sulfate (Solid 

ondary drying temperaturas as high as 40°C. Based en these 	 Forra 2) 
Citric Acid, studies, freezing the product to at least -40 to -45° C. was 
Anhydrous 

considerad an appropriate target. Primary drying tempera- 65 	 Sodium 
tures are aleo typically set based en the glass transition tem- 	 Maride 
perature of the frozen bulk solution to rninimize collapse. 
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TABLE 14-continued , 

Unit Compositions of Ceftolotane/Tazobanien 
for linection, 1000 mg/500 mg  

Component 	Function 

Nominal 
tpOmposition 
nig perVial 

L-Arginine 	Alkalizing Asean 	6002)  
Q.S. for pH 
adfustment 

Tezobactam Sodium' 
	

Active 	 537 
Nitrasen 
	

Processing Airr 	Q.S. 

I 
Total Weight 1 2792 

I) Actual amouot of ceflolonne composition AA] vary basad on the mita tured potengy. 
Ceftobzane mate, 1147 mg, corresponda to 1000 mg ceftolozane free bao. 
2) Lorginine A added as necded to tales° pH 6.5 á 0.5; 600 mg per vio, is considerad a 

,—ntative total amount 
3)Actualwcight of tazobantam sodium 	besad on the ratesureL rottncy. Tazobac- 
tam scidium 537 mg, corresponda to 500 mg tazobactam free acid 
4) Nitrogen blenkcl is applied afta ~dem en dispensad to the vid an) prior to inseition 
of stopper. 

A first aqueous solution comprising ceftolozane sulfate 
Form 2 and the ingredients in the ceftolozane composition La 
Table 13 is lyophilized in the absence of tazobactam to pro-
vide the lyophilized ceftolozane composition. The first aque-
ous solution comprises ceftolozane sulfate and the specific 
excipients in the preferred compositions, in aro amount per 
unit dosage forra provided by the quantities and functions as 
provided in Table 14. AB excipients are compendia] and typi-
cal for sterile pharmaceutical dosage forms, requiring no 
additional treatment prior to use in die formulation. The 
excipients are used in levels within the range estkblished in 
other FDA approved products as described la the Inactive 
Ingredients Database (LID). A second solution eomprising 
tazobactam acid and sodium bicarboaate is lyonhilized in the 
absence of cellolozane to obtain the Tazobactam Sodium 
Composition in Tab le 14. Sub sequently, the lyopnilized Tazo-
bactam Sodium Composition is dry blended with the lyo-
philized Ceftolozane composition comprising tazobactam 
sodium and ceftolozane sulfate in a weight ratio providing 
500 mg of tazobactam acid equivalent per 1,000 mg of cef-
tolozane active equivalent. 

Example 10 

Reconstitution of Ceftolozane/Tazobactam 
Preparation Prior To Administration to a Subject 

30 
mal salirle) and gently shake to dissolve. The final volume is 
approximately 11.4 mL. The resultant concentration is 
approximately 132 mg/mL. 

Using aseptic technique, withdraw the entire contents (ap- 
5 	proximately 11.4 inL)of the reconstituted vial using a syringe 

and add it to an infusion bag containing 100 mL of 0.9% 
Sodium Chloride for 1njection, USP (normal saline) or 5% 
Dextrose Injection, USP. Ensure the entire volume of the 
reconstituted vial is added to the infusion bag. 

00 	Gently swirl the contents of the IV bag to ensure complete 
mixing and dissolution of the drug. The final volume of 
cfiluted ceftolozanatambactam unit dosage form of Example 
9 for infusion will be —111 ml. The entire contents of the 
inflaron bag of ceflolozaneftazabactam is administered to 

15  each siroject. This means that the infusion line is fiushed with 
sterile salare to completely administer the proper dose). 

Inspect fide infusion bag for access air, visible contamina-
tiofiand leaks. The diluted solution should be olear. 

Upon constitution with sterile water for injection or 0.9% 
zo sodiam chloride (normal saline) injection, the ceflolozane/ 

tazobactam solution in the vial may be held for 1-hour prior to 
traasfer and dilution in the infusion bag. 

Following dilution of the solution with normal satine or 5% 
dextrose, the ceftolozaneharobactam solution obtained from 

25  the ceflolozanatazobactam composition of Example 9 is 
stable for 24 hours when stored at room temperature or 10 
days when stored under refrigeration at 2 to 8° C. (36 to 46° 
E). 

30 	 Example 11 

Melting Point of Ceftolozane Sulfate Form 2 

Melting point experiment was performed for celholozane 
35  sulfate form 2 using the SRS Optimelt melting point appara-

tus. SRS-certified vanillin curo phenacetin were used to verify 
the system performance. The temperature scan from 100° C. 
to 400°C. was performed for ceftolozane sulfate. The mate-
rial decomposed prior to melting. The decomposition, as 

40  indicated by the distinct change in color, appeared to con-
menee at about 170°C. 

Example 12 

45 	RITA and DSC of Ceftolozane Sulfate Forra 2 

Thermogravimetric analysis (TGA) and differential scan- 
ning calorimetry (DSC) thermograms are shown in FIG. 3 
and FIG. 4, respectively. Aro initial weig)it loss of 6.8% 
observed in the TGA thermogram from initial temperature to 
181° C.15 consistent with the content of water and residual 
isopropanol present in ceftolozane sulfate, lot 440637 0004 2. 
Analysis of the thermogram beyond 181°C. indicated that 
ceftolozane sulfate likely undergoes degradation beyond this 
temperature. The DSC thermogram exhibited a bread endot-
herrn with the minima at about 105.49° C. The subsequent 
exotherm in the thermogram is nichcatnie of decompostion 
that is consistent with the observation in the melting point 

The ceftolozaneltazobactam composition of Ernmple 9 
was reconstituted prior to intravenous (IV) administration. In 50  
accordance with ene embodiment ofthe method of treatment, 
immediately prior to injection into a patient, a single vial, 
containing 1500 mg ceftolozane and tazobactam, was Incoa-
stituted with 20 mL 0.9% NaC1 (normal saline) and diluten 
into a 80 mL bag of sterile water for injection for a total 55 

volar= of 100 mL. 
The ceftolozane and tazobactam composition was recon-

stituted in accordance with die procedure as follows: 

	

Obtain I vial of ceftolozane/tazobactam unit dosage form, 	experiment. 
1500 mg/vial. Record the site and subject numbeal and time 60 
and date of preparation in the spaces provided oil the vial 
label. Ceftolozane/tazobactam of Example 9 does not contain 
a bacteriostatic preservative. Aseptic technique must be fol-
lowed in preparing the infusion solution. 

	

Aseptically reconstitute a lyophilized vial of ceftolozane/ 	65 	Hygroscopicity of ceftolozane sulfate, Form 2 was 

	

tazobactam unit dosage forra, 1500 mg with 10 MI water for 	assessedusing the SMS DVS Intrinsic moisnire sorption ana- 

	

injection or 0.9% Sodium Chloride for injection, USP (nor- 	lyze-r equipped with a calibrated Rotronic probe. The tem- 

Example 13 

Hygroscopicity of Ceftolozane Sulfate Form 2 
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perature was maintained at 25° C. and the material was 	14. The pharmaceutical composition of claim 13, wherein 
exposed to relativa humidity from O to 90%. Ceftolozane 	the lyophilization cycle is characterized by one or more ofthe 
sulfate showed continuous adsorption of water throug,h the 	following characteristics: 
cycle with total uptake of 23% at 90% relativa humidity 	a. not more than 150 mg ceftolozane free base/g bulk 
indicating that ceftolozane sulfate is hygroscopic. 	 solution concentration, What is claimed: 

b, no more than 3 cm fill depth, 1. Solid Form 2 of ceftolozane sulfate that produces an 	c. freezing to at least -40° C. during the lyophilization X-ray powder diffraction (XRPD) pattern having diffractions 	cycle, at anglas (2 theta±0.2) of 4.4, 8.8. 11.0, 14.9, and 17.7. 
d. drying to no more than 40° C., and 2. The salid form of ceftolozane sulfate of claim 1 that lo 

produces Raman shiftpeaks (25 cm-1) at about 151 	684 	e. single- or multi-step drying and settingchamber pressure 
cm-1, and 802 cm-1. 	 durirtg the start of primary chying at not more tan 4001 

3. The solid form of ceftolozane sulfate of claim j  charac- bar 
terized by a differential scanning calorimetry (DSC) endot- 	15. The pharmaceutical composition of claim 13, further 
herm having a minima at about 105 degrees C. 	 15  comprising tazobactam. 

4. The salid forra of ceftolozane sulfate of claim 1, char- 	16. The pharmaceutical composition of claim 15, obtained 
acterized by a thermog,ravimetric analysis (TGA) with a 	by a process further comprising combining the lyophilized 
weight loss of about 6.8% between 25-181 degrees C. 	ceftolozane composition with tazobactam in a fixed dose 

5. The solid form of ceftolozane sulfate of claim 1, char- 	combination providing about 500 mg of tazobactam active 
acterized by 	 20 per L000 mg of ceftolozane active in the pharmaceutical 

a differential scanning caloriraetry (DSC) endOtherm 	composition. 
having a minima at about 105 degrees C.; 	 17. A pharmaceutical composition comprising a lyo- 
a thermogravimetric analysis (TGA) with a weight loss 	philized ceftalczane composition obtained by a process com- 
of about 6.8% between 25-181 degrees C.; ad 	prising the steps oí: 
Raman shift peaks (±5 cm'") at 151 cm-I, 684 cm'", 802 25 	a. combining the ceftolozane sulfate of solid Forro 2 that cm-1, 1174 cm'", and 2953 cm'". 	 produces an X-ray powder diffraction (XRPD) pattern 6. A pharmaceutical composition comprising Lite solid 	having diffractions at anglas (2 thete±0.2) of 4.4, 8.8. form of ceftolozane sulfate dasignated as ceftolozane sulfate 	11.0, 14.9, and 17.7 with water to form an aqueous Forro 2 that produces an X-ray powder diffraction (XRPD) 	solution; and palien] having diffractions at anglas (2 theta±0.2) of 4.4, 8.8. 30 	b. 	g the aqueous solution to form the lyophilized 11.0, 14.9, and 17.7. 

ceftolozane composition comprising ceftolozane sul- 7. The pharmaceutical composition ofclaim 6, wherein the 
ceftolozane sulfate produces Raman shift peaks (±5 cm-1) at 	fate. 

18. The pharmaceutical composition of clairn 17, wherein about 151 cm'", 684 cm'", 802 cm'", 1174 cm'", and 2953 
cm-1. the aqueous solution in step (b)further comprises tazobactam 35 

8. The pharmaceutical composition of claim 7, further 	ore pharmaceutically acceptable salt thereof. 
comprising ceftolozane sulfate in a solid form that produces 	19. The pharmaceutical composition of claim 18, wherein 
an X-ray powder diffraction (XRPD) pattem having diffmc- 	the phannaceutical composition comprises tazobactam 
tions at angles (2 theta±0.2)of 12.4, 16.4,22.6,25.1 and 28.0. 	sodium.  

9. The pharmaceutical composition of claim 6, further 4o 	20. The pharmaceutical composition of claim 17, wherein 
comprising tazobactam. 	 the aqueous solution in step (b) is lyophilized in Me absence 

10. The pharmaceutical composition of claim 6, further 	of tazobactam. 
comprising a pharmaceutically acceptable excipient. 	 21. The pharmaceutical composition of claim 17, wherein 

11. The pharmaceutical composition of claim 10, wherein 	the pharmaceutical composition comprises the ceftolozane 
the pharmaceutically acceptable excipient is selected from 45 sulfate in an amount providing about 1,000 mg of ce ftolozane 
the group consisting of sodium chloride, L-arginine, citric 	active. 
acid and mixtures thereof. 	 • 	 22. The pharmaceutical composition of claim 21, wherein 

12. The pharmaceutical composition of claim 11, chame- 	the pharmaceutical composition Rather comprises about 500 
terized by one or more of the following: 	 mg of tazobactem active. 

a. a differential scanning calorimetry (DSC) endotherm 50 	23. The phennaceutical composition of claim 17, wherein 
having a minima at about 105 degrees C.; 	 the pharmaceutical composition comprises ceftolozane 

h. a thermogravimetric analysis (TGA) with a weig,ht loss 	active and tazobactam active, and the ceftolozane sulfate is 
of about 6.8% between 25-181 degrees C.; and 	present in the pharmaceutical composition in an amount pro- 
Reman shi ft peaks (t5 em-')at 151 cm"', 684 cm'", 802 	viding 1,000 mg of ceftolozane active per 500 mg of tazobac- 
cm-1, 1174 cm'", and 2953 cm-1. 	 ss tam active. 

13. A phannaceufical composition comprising a lyo- 	24. The pharmaceutical composition of claim 17, wherein 
philized ceftolozane composition obtained by a process com- 	the pharmaceutical composition comprises ceftolozane and a 
prising the steps of: 	 beta-lactamase inhibitor compound. 

combining the ceftolozane sulfate in a solid form desig- 	25. The pharmaceutical composition of claim 17, wherein 
nated as celiolozane sulfate Fonn 2 that produces an 60 the pharmaceutical composition comprises about 1,000mg of 
X-ray powder diffraction (XRPD) paliarla having dif- 	ceftolozane active and 500 mg of tazobactam active. 
fractions at anglas (2 theta±0.2) of 4.4, 8.8, 11.0, 14.9, 	26. The pharmaceutical composition of claim 17, obtained 
and 17.7, with water, sodium chloride and L-arginine to 	by a process farther comprising combining the lyophilized 
forra an aqueous solution; and 	 ceftolozane composition with tazobactam in a fixed dose 
lyophilizing the aqueous solution to fonn the lyophilized 65 combination providing about 500 mg of tazobactam active 
ceftolozane composition comprising ceftolozane sul- 	per 1,000 mg of ceftolozane active in the pharmaceutical fate. 	 composition. 
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27. fe pharmaceutical composition of claim 26, wherein 

the pharmaceutical composition comprises tazobactain 
sodium. 

28. fe pharmaceutical composition of clan 26, wh.erein 
te pharmaceutical composition comprises etwalline tazo- s 
bactam. 

29. The pharmaceutical composition of claini 21, wherein 
the aqueous solution is lyophilized in step (b) wills a lyo-
philization cycle characterized by one or more uf 4ie follow- 
ing characteristics: 	 10 

not more tan 150 mg ceftolozane free base/g bulk 
solution concentration, 
no more than 3 cm 611 depth, 
freezing lo at least -40° C. during the lyophilization 
cycle, 	 15 

drying to no more Iban 40° C., and 
single- or multi-step drying and setting el/amber pressure 
during the start of primary drying at not more than 400p 
bar. 

30. The pharmaceutical composition of clt..m 26, charac- zo 
terized by one or more of the following: 

a differential scanning calorimetry (DSC) endotherm 
having a minimia at about 105 degrees C.; 
a thermogravimetric analysis (TGA) with a weig.ht  loss 
of about 6.8% between 25-181 degreea C.; and 	25 

Reman shift peaks (±5 cra-1)at 151 cm-I, 684 cm-I, 802 
cm-I, 1174 cm-I, and 2953 cm-I. 
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