
was switched to oral valganciclovir at a dose of 150 mg twice daily,
and the AUC0 – 12 was 24.5 mg.h/L. After 19 days of treatment, CMV
PCR became negative. Oral valganciclovir was stopped after
4 weeks without adverse events. Along with the CMV PCR test be-
coming negative, proteinuria dramatically decreased, anaemia
improved and digestive symptoms disappeared. At the 1 year
follow-up, a CMV test was still negative and no relapse of nephrotic
syndrome was noticed.

This case report emphasizes the importance of dosage individu-
alization of ganciclovir and valganciclovir, taking into account
pharmacokinetic changes associated with renal disease. Ganciclo-
vir is primarily excreted renally and, in the case reported here, the
standard dose of 5 mg/kg resulted in a very low AUC, because
nephrotic syndrome induced a high ganciclovir clearance. In
order to achieve target AUC and optimize antiviral therapy,
TDM-based dosage individualization of ganciclovir and valganci-
clovir is indispensable for children with renal disease.
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Figure 1. Clinical course of our patient.
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Sir,
Anthony R. White, on behalf of the BSAC Working Party on The
Urgent Need: Regenerating Antibacterial Drug Discovery and De-
velopment, has reviewed the economics of antibacterial resistance
and its control.1 In this letter, we add to the current knowledge
base on this issue by providing a historical perspective on the
public health need forantibacterial agents active against emerging
multidrug-resistant bacteria and the sales of selected agents,
chosen as examples, that responded to this need in previous
decades. Data on the worldwide sales of these agents and their
dates of approval in the USA were obtained from MedAdNews
(http://www.pharmalive.com/med-ad-news), as well as compan-
ies’ annual reports (Figure 1).

In the mid-1980s, the rapid emergence of multidrug-resistant
Gram-negative bacteria such as extended-spectrum b-lactamase
(ESBL)-producing Enterobacteriaceae2 and ceftazidime-resistant
Pseudomonas aeruginosa3 highlighted the need for antibacterial
agents active against these resistant bacteria. Imipenem/cilastatin,
the first carbapenem, was approved in 1985 and immediately
responded to this need. From the mid-1980s into the 1990s, imipe-
nem/cilastatin was used to treat patients infected with such
multidrug-resistant Gram-negative bacteria (Figure 1). Merope-
nem, a second carbapenem, was approved in 1996 and its sales
rapidly increased. In 2013, meropenem and imipenem/cilastatin
are still essential antibacterial agents for the treatment of
healthcare-associated infections, especially in severely ill or im-
munocompromised patients.4,5 Both are classified by the WHO
as critically important antimicrobials in human medicine.6

During the last two decades, several other antibacterial agents
active against emerging multidrug-resistant bacteria, and thus
responding to the public health need, have reached substantial
sales (Figure 1). Piperacillin/tazobactam, approved in 1993, found
its market in the 2000s, in particular as an agent to treat
healthcare-associated infections. Linezolid, approved in 2000 as
the first oxazolidinone, and daptomycin, approved in 2003 as the
first lipopeptide, quickly found their markets as agents to treat
infections with Gram-positive bacteria, in particular methicillin-
resistant Staphylococcus aureus. The sales of linezolid, which is
available for both intravenous and oral use, should soon reach a
similar level to that of ciprofloxacin in the late 1990s to early
2000s (Figure 1). The only exception to these trends may be tige-
cycline, approved in 2005 as the first glycylcycline, but did not yet
reach annual worldwide sales of US$500 million (Figure 1).

The increasing use of carbapenems, together with the varying
quality of infection control practices, has led to the emergence of
carbapenem-resistant Gram-negative bacteria. As early as the
late 1980s, the percentage of P. aeruginosa isolates that were
resistant to carbapenems started to increase.7 In 2007, the num-
ber of carbapenem-resistant P. aeruginosa infections in the Euro-
pean Union was estimated at 141900 annually and the number
of multidrug-resistant P. aeruginosa infections in the USA at
72250 annually.8,9 More recently, carbapenemase-producing
Enterobacteriaceae have emerged and are now spreading globally,
including in the European Union.10 – 13 The generally favoured
option for the treatment of patients infected by multiresistant

carbapenemase-producing bacteria is colistin, an old antibiotic
that has now become an essential drug in hospitals. The conse-
quence of the increasing use of colistin, however, is the inevitable
rise of colistin resistance, with high percentages of resistance
already occurring in K. pneumoniae infections in some European
hospitals,14,15 leading to clinical situations where there is no
straightforward option for treatment.

In 2009, a joint report from the European Centre for Disease Pre-
vention and Control and the European Medicines Agency, in a col-
laboration with ReAct—Action on Antimicrobial Resistance,
highlighted the gap between increasing antimicrobial resistance
in Europe and the urgent need for new antibacterial agents
active against resistant bacteria, in particular to treat multidrug-
resistant Gram-negative infections.8 Although comparable to the
need for agents to treat patients with multidrug-resistant Gram-
negative infections (in particular those caused by ESBL-producing
bacteria) in the mid-1980s and the 1990s, the current public
health need for new antibacterial agents is still currently not
being addressed. The succession of cycles of public health need fol-
lowed by antibacterial productivity, as illustrated by White,1 that
prevailed since the discovery of antibiotics seems to have come
to a halt. Two recent reviews of the antibacterial research and de-
velopment pipeline confirm that, despite some progress, there are
currently only a few compounds in development with activity
against multidrug-resistant Gram-negative bacteria, in particular
metallo-carbapenemase (e.g. New Delhi metallo-b-lactamase)-
producing Enterobacteriaceae or P. aeruginosa, or against multidrug-
resistant Acinetobacter spp.16,17

This historical perspective shows that, in the presence of a
public health need, antibacterial agents that targeted emerging
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Figure 1. Worldwide sales of patented antibacterial agents chosen as
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expiry of the patents. The route of administration is indicated in
parentheses: iv, intravenous; po, oral. Source: MedAdNews, 1995–2012,
and company reports.
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multidrug-resistant bacteria quickly found their market and
reached annual worldwide sales of US$500 million or above,
sometimes reaching the ‘blockbuster’ threshold of US$1 billion
for worldwide sales annually before the 10th full year after their
launch (Figure 1). This observation goes against the common
view that new antibacterial agents have a small potential market
of less than US$500 million annually.18 It provides an insight into
what would be the potential market, considering the current
public health need and current economic model,1 for a novel
antibacterial agent active against carbapenem-resistant Gram-
negative bacteria.
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