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Disclaimer 
 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 200-403 are owned by Hospira, Inc. or are data for 
which Hospira, Inc. has obtained a written right of reference. 
Any information or data necessary for approval of NDA 200-403 that Hospira, Inc. does 
not own or have a written right to reference constitutes one of the following: (1) 
published literature, or (2) a prior FDA finding of safety or effectiveness for a listed drug, 
as described in the drug’s approved labeling.  Any data or information described or 
referenced below from a previously approved application that Hospira, Inc. does not 
own (or from FDA reviews or summaries of a previously approved application) is for 
descriptive purposes only and is not relied upon for approval of NDA 200-403 
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1.2 Brief Discussion of Nonclinical Findings 

Hospira Inc. has submitted a New Drug Application (NDA) for Hydromorphone 
Hydrochloride Injection USP (1, 2 or 4 mg/mL hydromorphone hydrochloride) 
administered subcutaneously or intramuscularly every  as necessary for the 
management of pain in patients where an opioid analgesic is appropriate.  The NDA 
was submitted as a 505(b)(2) application with the referenced drug as Dilaudid (NDA 19-
034).  No pharmacology or toxicology studies were submitted in support of this NDA.  
The Applicant is relying on the Agency’s previous finding of safety for the Dilaudid NDA 
(owned by Purdue Pharma) and information from the literature. 
 
The pharmacology and toxicology of hydromorphone are well characterized; hence 
there are no nonclinical safety issues unique to this hydromorphone product relevant to 
clinical use for NDA 200-403. 

2 Drug Information 

2.1 Drug 

Hydromorphone Hydrochloride 

2.1.1 CAS Registry Number (Optional) 

№ 71-68-1 
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2.1.2 Generic Name 

International Nonproprietary Name (INN): Hydromorphone Hydrochloride 
European Pharmacopoeia Name (EPN): Hydromorphone Hydrochloride 
United States Adopted Name (USAN): Hydromorphone Hydrochloride 

2.1.3 Code Name 

Hospira Drug Code/Computer №: 11438621 

2.1.4 Chemical Name 

IUPAC Name: 4,5 alpha-epoxy-3-hydroxy-17-methyl morphinan-6-one 
Chemical Abstracts Service (CAS) Index Name: 4,5α-Epoxy-3-hydroxy-17-methyl 
morphinan-6-one hydrochloride 

 

2.1.5 Molecular Formula/Molecular Weight 

C17H19NO3•HCl/321.80 
 

2.1.6 Structure 

 

2.1.7 Pharmacologic class 

Opioid Agonist 
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Additional leachables studies are ongoing; however, these data will be submitted to 
support a proposed extension of the 18 month expiry being proposed by the CMC 
review team.  When these data are submitted the pharmacology/toxicology reviewer will 
evaluate the data.  A toxicological risk assessment will be performed if leachables are 
detected.  This can be reviewed as part of a CMC supplement to extent the expiry. 
 

2.4 Proposed Clinical Population and Dosing Regimen 

The proposed clinical population is the same as the reference product Dilaudid.  
Hydromorphone Injection USP is intended for patients where an opioid analgesic is 
appropriate.  Hydromorphone Hydrochloride Injection USP will be marketed in 3 
strengths, 1 mg/mL, 2 mg/mL and 4 mg/mL for parenteral administration.  The 
recommended dosage is 1 to 2 mg subcutaneously or intramuscularly every  

 as needed for management of pain.  It is recommended that the dose be adjusted 
according to the severity of the patient’s pain.  Although tolerance develops to opioids 
with repeated use, Dilaudid HP 10 mg/mL product should be used for opioid tolerant 
patients.  Therefore, the proposed maximum daily dose of this product of  is 
reasonable based on clinical use (as discussed with the medical officer). 
 

2.5 Regulatory Background 

Hydromorphone Hydrochloride Injection, USP  
  In responses to the Agency’s 2006 “unapproved drug” initiative, Hospira, 

Inc. sent a letter dated June 22, 2009 informing the Agency their intention to submit a 
New Drug Application .  On April 29, 2010, NDA 200-403 
was submitted via the 505(b)(2) pathway with the referenced drug Dilaudid (NDA 19-
034) held by Purdue Pharma Products. 

3 Studies Submitted 
The sponsor did not conduct any toxicology studies in support of this NDA. 
 

3.1 Studies Reviewed  

N/A 

3.2 Studies Not Reviewed  

N/A 

3.3 Previous Reviews Referenced 

N/A 
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4 Pharmacology 

4.1 Primary Pharmacology 

Primary pharmacodynamics:  Hydromorphone is an opioid agonist with activity at the μ-
opioid receptor.  Activation of μ-opioid-receptors is associated with analgesia, 
respiratory depression, sedation, decreased gastrointestinal motility, euphoria and 
physical dependence. 
 
Mechanism of action:  The primary mechanism action of hydromorphone in the 
treatment of pain is due to mu-opioid receptor agonist effects. 
 

4.2 Secondary Pharmacology 

The Applicant did not conduct formal secondary pharmacodynamics studies.  As with 
other opioid analgesics, hydromorphone secondary pharmacological effects include 
dysphoria, euphoria, sedation, respiratory depression, decreased gastrointestinal 
motility and physical dependence. 
 

4.3 Safety Pharmacology 

The Sponsor did not conduct formal safety pharmacology studies.  However, due to its 
extensive marketing history, nonclinical safety pharmacology studies are not necessary.   
 
Neurological effects:  The Applicant did not conduct formal safety pharmacology 
studies to evaluate potential neurological safety concerns with hydromorphone 
administration.  A review of the literature did not identify any animal studies that 
specifically addressed hydromorphone-related neurological effects.  According to the 
adverse event profile from the referenced product labeling, CNS-related side effects 
associated with the use of hydromorphone includes dizziness, headache somnolence, 
and sedation.  More serious CNS-related adverse events reported with the use of 
hydromorphone includes myoclonia and seizures in compromised patients with cancer 
or severe pain. 
 
Cardiovascular effects:  The Applicant did not conduct formal safety pharmacology 
studies to evaluate potential cardiovascular safety concerns with hydromorphone 
administration.  A review of the literature did not identify any animal studies that 
specifically addressing hydromorphone-related cardiovascular effects.  However, 
according to the adverse event profile from the referenced product labeling, 
cardiovascular adverse reactions have been associated with hydromorphone.  These 
adverse reactions include sinus bradycardia, sinus tachycardia, palpitations, 
hypertension, orthostatic hypotension and syncope.  Orthostatic hypotension, peripheral 
edema or generalized edema may be a secondary effect of peripheral vasodilation. 
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Pulmonary effects:  The Applicant did not conduct formal safety pharmacology studies 
to evaluate potential respiratory safety concerns with hydromorphone administration.  
Respiratory depression is a well known clinically significant effect of all opioid full 
agonists, including hydromorphone.  Hydromorphone produces dose-related respiratory 
depression.  Like other opioids, hydromorphone acts directly on the brain stem 
respiratory center; decreasing the response of the brain stem respiratory centers to 
increased PCO2 and depression of pontine and medullary centers via its action at mu 
opioid receptors. 
 
Renal effects:  The Applicant did not conduct formal safety pharmacology studies to 
evaluate potential renal safety concerns with hydromorphone administration.  A review 
of the literature did not identify any animal studies that specifically addressed 
hydromorphone-related renal effects. 
 
Gastrointestinal effects:  The Applicant did not conduct formal safety pharmacology 
studies to evaluate potential gastrointestinal safety concerns with hydromorphone 
administration.  The following discussion was obtained from a review of the published 
literature. 
 
Practically all commonly used opioids produce gastrointestinal adverse effects by a 
combination of actions on opioid receptors within the central nervous system and opioid 
receptors located within the enteric nervous system.  Inhibition of gastrointestinal 
motility (i.e., propulsive peristalsis) is a long-known classical effect of morphine and 
morphine-like opiates.  In addition to this effect, opioid drugs exert a wide spectrum of 
other effects on the mammalian intestinal function.  These effects include reduction in 
secretions (pancreatic, biliary, and electrolyte/fluid) and increases in intestinal fluid 
absorption. 
 
Knoll and colleagues (1974) reported that hydromorphone elicited qualitatively similar 
gastrointestinal effects in mice and guinea pigs as morphine.  The effects of 
hydromorphone, morphine and several other opioids on intestinal propulsions (i.e., GI 
transit time) were evaluated in male and female mice.  Mice were administered single 
subcutaneous doses (doses evaluated were not described) of hydromorphone, codeine, 
morphine, oxymorphone, methadone and pethidine 1 to 3 hours prior to the oral 
administration of charcoal solution (10% charcoal in saline).  The distance covered by 
charcoal in the intestine in the opioid treated mice was compared to control mice.  As 
depicted in the table (extrapolated from the article) below, relative to morphine, 
hydromorphone was more potent than morphine. 
 

Inhibition of propulsive contractions in mice 
Opioid ED50 (mg/kg) ED50 morphine/ ED50 

(opioid) 
Morphine  4.6 x 10-6 1.0 
Hydromorphone 2.4 x 10-7 19.0 
Codeine 6.2 x 10-7 7.4 
Oxymorphone 1.4 x 10-6 3.30 
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Inhibition of propulsive contractions in mice 
Opioid ED50 (mg/kg) ED50 morphine/ ED50 

(opioid) 
Methadone 1.3 x 10-5 0.35 
Pethidine 1.8 x 10-5 0.26 

 
King et al. (1935) reported that hydromorphone elicited qualitatively similar effects as 
morphine on the intestinal muscular of a Thirty-Vella loop of canine ileum.  
Hydromorphone and morphine at a dose of 0.01 and 0.1 mg/kg, respectively, decreased 
the frequency of segmentation while increasing the amplitude. 
 
Gruber and Brundage (1935) compared the effects of hydromorphone and morphine on 
the Thirty-Vella loop of the jejunum and ileum in dogs.  The effects of dilaudid and 
morphine on intestinal tone, rhythmic contraction and peristaltic contraction were 
evaluated in female dogs.  Dogs were administered a single intravenous dose of 
hydromorphone (0.00005 to 5 mg/kg).  Hydromorphone was qualitatively similar to 
morphine in its effects on the intestinal musculature of the Thirty-Vella loop of the dog 
ileum and jejunum.  Both hydromorphone and morphine had a biphasic effect on 
musculature tone.  At low doses, they increased musculature tone and higher doses, 
they decreased musculature tone.  Hydromorphone was 10 times more potent than 
morphine in its effects on the general musculature tonus; maximum increase in the 
degree and duration maximum changes in general musculature tone and amplitude of 
tone were noted at 0.1 mg/kg and 1.0 mg/kg of Dilaudid and morphine, respectively.  
Both morphine and hydromorphone decreased the jejunum of the rhythmic contraction 
of the amplitude. 
 
Abuse liability:  As with most opiates, hydromorphone is a highly additive substance; it 
has a high abuse and dependence potential and produces tolerance.  Hydromorphone 
immediate release is a DEA Schedule II controlled substance.  The incidence and rates 
of prescription opioid abuse have increased in the United States over the past several 
years (Compton and Volkow, 2006).  In a recent study, Walsh and colleagues (2008) 
compared the abuse liability of hydromorphone to that of hydrocodone and oxycodone 
following oral administration in non-dependent sporadic prescription opioid abusers in a 
double-blind, randomized, within-in subject, placebo-controlled outpatient study.  All 
three opioids produced the typical μ opioid agonist profile of subjective (i.e., increased 
ratings of liking, good effects, high and opiate symptoms).  Results indicated that the 
abuse potential/liability of hydromorphone did not differ substantially from oxycodone 
and hydrocodone in ratings of measures related to euphoria-like responses (i.e., liking 
for the drug, good effects, high, and MBG scores) and sedation (i.e., PCAG scores, 
sleepy and nodding). 
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5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 

 
No PK/ADME studies were submitted by the Applicant. 
The pharmacokinetic profile and ADME of hydromorphone hydrochloride are well 
known.  The oral bioavailability of hydromorphone is approximately 60%.  Following 
absorption, hydromorphone is widely distributed.  In humans, hydromorphone is 
distributed into brain, intestinal tract, liver, lungs, kidneys, spleen and skeletal muscle.  
Hydromorphone crosses the placenta. 
 
Hydromorphone is extensively metabolized by hepatic oxidation and conjugation.  Major 
metabolites in humans include hydromorphone-3-glucuronide, dihydromorphine-6-
glucuronide, hydromorphine-3-glucoside and dihydromorphine-6-glucoside.  Minor 
metabolites of hydromorphone include dihydro-iso-morphine and dihydromorphine. 
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Figure 6.  Proposed hydromorphone metabolic pathway. 

 

5.2 Toxicokinetics  

No toxicokinetics studies were submitted by the Applicant. 
 

6 General Toxicology 
No toxicology studies were submitted by the Applicant. 
 

Special Evaluation 

No new studies were submitted by the Applicant. 
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Stability and Homogeneity 

Not applicable 
 

7 Genetic Toxicology 

7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 

No new studies were submitted by the Applicant. 
 

7.2 In Vitro Chromosomal Aberration Assays in Mammalian Cells 

No new studies were submitted by the Applicant. 
 

7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 

No new studies were submitted by the Applicant. 
 
 

7.4 Other Genetic Toxicity Studies 

No new studies were submitted by the Applicant. 
 

8 Carcinogenicity 
No carcinogenicity studies were submitted by the Applicant. 
 

9 Reproductive and Developmental Toxicology 

9.1 Fertility and Early Embryonic Development 

No fertility and early embryonic development studies were submitted by the Applicant. 
 

9.2 Embryonic Fetal Development 

No embryonic fetal development studies were submitted by the Applicant. 
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1 Recommendation 
 
1.1 Approvability 
 
This NDA application is recommended for approval from a nonclinical 
pharmacology and toxicology perspective with no post-marketing requirements; 
the deficiencies that triggered the recommendation for post-marketing 
requirements during the first review cycle have been adequately addressed by 
the Applicant and are no longer necessary. 
 
1.2 Labeling 
 
The pharmacology/toxicology review team has no new recommended changes to 
proposed labeling.  The Applicant did not make any changes to the proposed 
labeling changes from the first review cycle. 
 
 
2 Regulatory Background 
Hydromorphone Hydrochloride Injection, USP  

  In responses to the Agency’s 2006 “unapproved drug” 
initiative, Hospira Inc. submitted NDA 200403 for Hydromorphone Hydrochloride 
Injection, USP (1, 2 and 4 mg/mL hydromorphone hydrochloride) on April 29, 
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Based on the information provided to date for NDA 200403, there are no safety 
issues/concerns from the nonclinical perspective with the hydromorphone 
component of this drug product, NDA 200403 may be approved without any post-
marketing requirements. 
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NDA/BLA Number: 200403 Applicant: Hospira Stamp Date: 29-Apr-2010 

Drug Name: Hydromorphone 
HCl Injection 

NDA/BLA Type: 505(b)(2)  

 
On initial overview of the NDA/BLA application for filing: NDA may be filed. 
  

 
 

Content Parameter 
 

Yes
 

No 
 

Comment 
1 Is the pharmacology/toxicology section 

organized in accord with current regulations 
and guidelines for format and content in a 
manner to allow substantive review to 
begin?   

  

N/A, no new nonclinical data provided, 
sponsor is relying upon the Agency’s 
previous findings for NDA 19-034 
(Dilaudid) 

 
2 

 
Is the pharmacology/toxicology section 
indexed and paginated in a manner allowing 
substantive review to begin?  

 
  

 
N/A; see response to item 1 above 
There is no pharm/tox section in this NDA 
submission.  

3 
 
Is the pharmacology/toxicology section 
legible so that substantive review can 
begin?  

 
 

 
 

 
N/A; see response to item 1 above 
There is no pharm/tox section in this NDA 
submission.  

4 
 
Are all required (*) and requested IND 
studies (in accord with 505 b1 and b2 
including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)? 

 
x 

 
 

 
See response to item 1 above 

 
5 

 
If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations?  (For other than 
the oral route, some studies may be by 
routes different from the clinical route 
intentionally and by desire of the FDA). 

 
 

 
 

 
This product contains  rather 
than  and uses sodium chloride 
to adjust tonicity.  Justification provided is 
that this is used commonly in parenteral 
formulations. 

 
6 

 
 

Does the route of administration used in the 
animal studies appear to be the same as the 
intended human exposure route?  If not, has 
the applicant submitted a rationale to justify 
the alternative route? 

 
 

 
 

 
N/A; see response to item 1 above 

7 Has the applicant submitted a statement(s) 
that all of the pivotal pharm/tox studies 
have been performed in accordance with the 
GLP regulations (21 CFR 58) or an 
explanation for any significant deviations? 

 
 

 
 

N/A; see response to item 1 above 
 

8 Has the applicant submitted all special 
studies/data requested by the Division 
during pre-submission discussions? 

  

 
N/A; there was no preNDA meeting. 

(b) (4)

(b) (4)
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NDA/BLA or Supplement 

(MTDD) of hydromorphone via use of this product taking into consideration the 
development of tolerance to opioids.  To establish a MTDD, submit actual clinical use 
data for this or comparable products for review by the Division.  Note that although 

 is listed in the CFR as an acceptable direct flavoring agent, it is not clear 
what the allowable minimum quantity required to product the intended effects can be 
applied to your product; therefore, further justification will be required. 

 
 
Reviewing Pharmacologist      Date 
 
R. Daniel Mellon, Ph.D.       6/8/2010 
Team Leader/Supervisor      Date 
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