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Abstract: Potential human health and environmental risks 
associated with nanoscience research projects and their 
deliverables, termed nanosafety, is one of the important 
issues for translating research findings into commercially 
viable products. This paper examined the applicability 
of project management tools to address nanosafety in an 
efficient manner. Using objectives oriented project plan-
ning (OOPP) we describe a new integrated content of the 
problem tree, the result tree, and the logical framework 
approach (LFA), by modeling our nanomedicine research 
project entitled “Nanomedicine preparation based on anti-
body drug conjugate (ADC)” as a case study. As a main 
result of the case study, we demonstrated an LFA matrix 
that highlights the need to deal with nanosafety as an activ-
ity of the research project. Consequently, the activity can 
lead to the output, standing operating procedure (SOP), 
for managing the project waste disposals and its delivera-
bles side effects. In general, such output can be concluded 
as an important output for all nanoscience research pro-
jects to avoid underestimating risks for their nano-objects. 
Moreover, this article is written in the hope of providing an 

easy-to-understand template of project management tools 
for novice nanomedicine researchers who aim to apply 
OOPP in the design of their research projects.

Keywords: antibody drug conjugate (ADC); nanomedicine 
research project; nanosafety; project management tools; 
translational steps.

Background
Nanotechnology has demonstrated dramatic progress in 
the medical application called nanomedicine (1). Nano-
medicine is an interdisciplinary research approach to 
assist the improvement of therapeutic and diagnostic 
methods by increasing efficiency, safety and patient com-
pliance, eventually keeping health care expenditure low 
and contributing to the economy (2–4). Work on nano-
medicine research projects has gained significant inter-
est in universities and research centers. For example, the 
tumor-targeted nanomedicines research that would target 
specific sites in the body account for 76% of publications 
and 59% of patents, in the past few years (5, 6). Regardless 
of the impressive numbers of publications and patents, the 
real success, of nanomedicines, like of any other emerg-
ing technologies, depends on translation into application 
(3, 6–9). To this end, like other nanoscience projects, one 
of the main translational challenges is compliance with 
regulations for nanosafety (5, 10, 11). This pertains to the 
entire life cycle, including disposal of waste produced 
during production, and the highly complex interactions 
of nanostructures with the ecosphere, in particular in 
natural reservoirs (3, 7, 12–18).

A number of approvals for environmental risk assess-
ment are required to complete the transition from nano-
medicine product design to the market (10). To obtain the 
approvals, many research-funding programs and regu-
lations strongly suggest the use of professional project 
management methods to plan research projects and appli-
cations for market authorization (19).
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In this content, objectives oriented project plan-
ning (OOPP) methodology and in particular the logical 
framework approach (LFA) are considered very practical 
methods for research management, due to their inher-
ent flexibility regarding the specific way towards the ful-
filment of objectives (20, 21). The LFA is a standard part 
of the project management body of knowledge (PMBOK) 
portfolio (22). It is predominantly a frame of reference to 
structure the dialog among project planners to achieve a 
clear vision of the project’s activities, outputs, outcomes, 
and impacts (20, 21, 23–25).

The aim of our study is to examine the capability of 
OOPP and LFA to analyze potential safety issues in the 
planning of emerging technology projects while providing 
effective solutions. In particular we aim to introduce the 
OOPP as a practical tool for novice researchers involved in 
the design of nanomedical development (26, 27). For this 
purpose, we used the LFA to design our research project 
“Nanomedicine preparation based on antibody drug con-
jugate (ADC)” as a case study in nanomedicine research 
projects. The concept of an ADC is, employing an antibody 
to deliver a highly chemocytotoxic agent specifically to 
the selected tumor cells with minimal impact on healthy 
cells. This approach is currently a major focus of research 
on antibody-based cancer therapy and a promising new 
treatment option for cancer patients (28–31). Antibody 
drug conjugates (ADCs) have been introduced as a promis-
ing tumor-targeted nanomedicine to solve the low clinical 
activity problems related to conventional chemotherapy, 
naked antibodies and combined strategies (30–32). The 
use of ADCs as small molecule therapeutics meets the 
concepts of tumor-targeted nanomedicines including: 
being controlled at the nanometer scale (antibody acts as 
a natural/biological nanocarrier), evading the immune 
system, site-specific targeting, controlled release, and 
minimal side effects (9, 33, 34). In the ADC project we had 
to consider several issues such as choosing an appropriate 
antibody targeting specific tumor, finding a highly potent 
cytotoxic agent and selecting a suitable strategy for the 
linkage of the cytotoxic agent to the antibody. This high-
lights the complexity of the project; it further motivates 
the use of a modern management system to design the 
project.

Methods
Using objectives oriented project planning (OOPP), the following 
steps were taken to achieve the logical framework (or logframe) 
matrix.

Project analysis phases

LFA is a helpful tool for project design, approval, and evaluation 
through its compatibility to integrate with other project management 
tools. In this regard, LFA integrates the problem tree and the result tree, 
putting key objectives in the center (25, 35). This integration provides a 
practical way to detect hidden problems, underestimated given risks, 
black swans, and weak hypotheses. In addition, LFA requires the dis-
cussion of external factors in the outcomes-to-impact considerations; 
this helps greatly to put the research in context regarding regulations, 
market trends, and the fit between results and existing workflows. 
These assets of LFA are in particular beneficial for researchers trans-
ferring their methods into a new domain or transferring them towards 
application. To use problem and result tree the following steps were 
followed: for the problem tree (i) the core problem, low clinical activity 
of antibody-based therapy for cancer patient, was defined in the center 
of the diagram, (ii) the important causes leading to the core problem 
were recognized and listed at the bottom as the roots of the tree, (iii) the 
adverse effects caused by the core problem were placed at the top of the 
diagram as the branches of the tree (Figure 1).

On the contrary, for the result tree, (i) the core problem state-
ment was replaced with positive one that is ideal for us. The state-
ment was shown in the middle of the diagram entitled “high clinical 
activity of antibody-based therapy for cancer patients”, (ii) the more 
important causes that lead us to achieve the positive statement were 
listed at the bottom of the diagram as the roots of tree, and (iii) the 
expected impacts of achieving the positive statement were listed at 
the top of the diagram as its branches (Figure 2).

Design of logical framework matrix (the logframe)

The logical framework matrix was documented through PMBOK (22), 
Ortengren (35), Lakhoua (24), Parsons (36) and Mike Eaton’s (11) 
guidelines. Briefly, a matrix with four rows and columns was organ-
ized. In the lowest row named activities, the overall project activities 
which should be done in regard to the project, were noted. In three 
other rows, the project objectives were put in a hierarchy from the 
lowest to the highest level, including outputs (at least one product for 
each activity), outcomes (project achievements) and impact (those 
objectives that are shared with other development partners and 
national government agencies). In the first column, these objectives 
were clearly explained (description). In second and third columns, 
we summarized how the project objectives can be monitored (indica-
tors) and evaluated (assessment), respectively. Finally, in the fourth 
column, the key external factors which are critical to the project’s 
success, outcome achievements, were estimated (assumptions). To 
complete a comprehensive logframe matrix, we also addressed the 
preliminary arrangement and resources (inputs) that must be consid-
ered along with designing the project (S–1).

Results
According to Figures 1 and 2, the diagram of problem 
analysis provides an overview of all known causes and 
adverse effects of the core problem vis-a-vis the result 
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Antitumor activity of naked
Abs is not different for
tumor and healthy cells 

Low therapeutic index due
to distribution of the

cytotoxic drug on healthy  

Modest or no antitumor
activity of many naked Ab 

The need for a combinatorial
therapy with conventional

therapeutics

Heavy financial burden on
patients with cancer due to
need of high doses of Ab*

Lower rate of community
health

Low safety and efficacy
of naked Ab along with

conventional therapy

Low clinical activity of antibody-based
therapy for cancer patients 

Figure 1: Problem analysis diagram (problem tree), for “low clinical activity of antibody-based therapy for cancer patients”; the three boxes 
at the bottom of the diagram show the main causes or roots of the problem, the single middle box is dedicated to the core problems itself 
and becomes the “trunk” of the tree.
The four boxes at the top of the diagram show the consequences (effects) of the core problem which become the branches. *Ab, antibody.

Use of appropriate linker to
have the controllable release

of the cytotoxic drug

Conjugation of antibody to
cytotoxic drugs: getting the

best of both worlds

Use of Ab as an efficient
carrier for delivery of

antitumor agents

Improving therapeutic index
by using minimal dose of both

cytotoxic drug and Ab*

To ease financial burden on
patients with cancer

Developability by industry
and providing regulatory

approvals

Raising safety profile
compared to conventional

therapy

High clinical activity of antibody-based
therapy for cancer patients

Figure 2: The result tree (also called solution tree), has three parts: a trunk, roots, and branches (effects).
The trunk was created by reversing the core problem statement into positive one as was shown in the center of the diagram. The roots repre-
sent the main causes in achieving the statement as written in the center of the diagram (three boxes at the bottom of the diagram) and the 
branches represent its effects (four boxes at the top of the diagram). *Ab, antibody.

analysis diagram that shows likely causes that may lead 
to solve the core problem and also the effects that are 
originated from solving the core problem. Therefore, we 
used the problem and result tree to chart the reasons that 
explain why the project, nanomedicine preparation based 
on ADC, should be undertaken to solve the problem of 
low clinical activity of antibody-based therapy for cancer 
patients, (Figures 1 and 2). In other words, it can be used 
as a document to persuade the sponsors and stakeholders 
to support the project in order to achieve the main defined 
goal (positive statement). All indicated project objectives, 

including outputs, outcomes and impacts, which are 
usually needed to be answered in proposal templates and 
instructions, were defined according to the LFA structure. 
Using the LFA structure in the horizontal dimension, we 
briefly represented what immediate objects (outputs) 
need to be delivered from each activity and what project 
achievements will result in the short-(outcome) and long-
(impact) term. In the vertical dimension, we summarized 
how the progress and ultimate successes of the project 
will be measured (indicators) and how the information 
on the indicator will be verified (assessments), also what 
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condition needs to be present for the project to produce the 
intended activities and results (assumptions) (Table 1). In 
addition, to have a comprehensive project document, we 
also provided what preliminary arrangements (Table S-1) 
and what general inputs/ resources including human, 
technical, infrastructural, etc. (Table S-2) are necessary to 
begin the project’s activities.

Discussion
We demonstrated that OOPP is a capable and practical 
methodology to include when considering safety and 
health concerns during the planning and monitoring of 
high-tech research projects. In our case study the LFA of a 
nanomedicine project leads to the inclusion of non-obvi-
ous safety requirements like a project activity (Table 1, 
activity # 4) which consequently results in a main output, 
standing operating procedure (SOP) for managing the 
disposal of waste from the project and its deliverable side 
effects (Table 1, output # 4). According to previous studies 
regarding nanotoxicity and the translational challenge (1, 
3, 12, 14), it is very important to consider the unknown and 
hidden risks associated with nanomedical innovations.

In this regard, we suggest delivering SOP for manag-
ing nanotech research projects waste disposal and their 
deliverable side effects as an essential output. This output 
not only can be applied as a useful strategy for eliminat-
ing potential human and environmental health hazards of 
nanostructured molecules, but also provides a competi-
tive edge for projects in achieving their business goals.

Representation of project management tools based 
on the case studies can permit their wide usage especially 
for emerging fields of research and their prospects (20, 23, 
27). This paper also illustrates a user-friendly template of 
project management tools for novice project managers 
who are eager to transfer nanomedicines concepts along 
the decision points. The template summarizes all of the 
practical aspects to start a research project in a goal-ori-
entated manner, including:
1.	 Definition of the scope of the problem and a project 

that should be undertaken to solve the problem (Fig-
ures 1 and 2),

2.	 Preparation of procurement strategy (supplementary 
data),

3.	 Overall action plan (activities as shown in Table 1),
4.	 Full scope definition that includes output, outcome 

and impacts (Table 1),
5.	 Evaluation of project achievement (indicator and 

assessment columns in Table 1),

6.	 Risk identification while conducting the project 
(assumption column in Table 1). Taken together all 
the practical aspects provide brief project proposal 
documentation for granting bodies to make the easy 
and correct decision whether or not to support the 
project.

Conclusions
Based on our nanomedicine research case study, the 
effectiveness of OOPP and in particular LFA concern-
ing nanosafety before the translational steps was clearly 
demonstrated. This provides a systematic approach for 
managing nanosafety toward translational successes. 
Although this study was done based on a case study in 
nanomedicines-research and in particular in the field of 
tumor-targeted nanomedicines, the translational chal-
lenge, nanosafety, described in this paper does not only 
apply to nanomedicine projects. Therefore, the described 
OOPP/LFA approach and its necessity to deliver SOP for 
managing waste disposal from projects and its deliverable 
side effects, as a main output, can be translated to lessen 
safety concerns regarding emerging research projects.
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