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Background: FOLFOX (folinic acid, 5-fluorouracil and oxaliplatin) is the most commonly used
chemotherapy regimen for the treatment of colorectal cancer. FOLFOX is administered in 14-day cycles,
though toxicities frequently lead to unplanned delays. We report the incidence of unplanned delays among
patients receiving FOLFOX and describe the reasons for delays.

Methods: We conducted a retrospective analysis of patients receiving FOLFOX chemotherapy for
colorectal cancer. Patients were treated at one of two tertiary cancer centers between January 2012 and April
2016. Cycles 2—6 were assessed for delays, and treatments were considered delayed when the interval from
prior treatment was >18 days. Reasons for unplanned delays were categorized based on review of clinical
records.

Results: We identified 214 patients receiving FOLFOX as standard-of-care therapy. The median age was
59 years, and 55% were female. Of 961 evaluable treatment cycles, 124 (13%) had unplanned delays, and
92 of 214 patients (43%) had one or more unplanned delays in cycles 2—6. Cytopenias (neutropenia and/
or thrombocytopenia) were the most common cause of unplanned delays, affecting 34% of patients and
accounting for 74 of 124 unplanned delays (60%).

Conclusions: Delays are common during FOLFOX chemotherapy, with 43% of patients having at least
one unplanned delay prior to completing cycle 6. Neutropenia and thrombocytopenia were the leading
causes of unplanned delays. Our findings justify the development of systematic approaches for preventing
unplanned delays, such as standardized laboratory treatment criteria and/or proactive dose adjustment

strategies.
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Introduction

Delays in chemotherapy administration are common
and can have disruptive effects on patients’ experiences
during cancer treatment (1,2). Some treatment delays are
elective, such as delays for holidays or personal obligations;
other delays are obligatory, such as interruptions for
acute infection or other illness. Still other delays occur
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at the discretion of the managing clinician, such as when
patients present for treatment with low blood cell counts.
This last type of delay can place a substantial burden on
patients and their caregivers by causing them to travel to
the treatment center, take time off from work, and spend
additional time away from their families—all without the
benefit of receiving the planned chemotherapy treatment.
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These delays are often preceded by a trend of declining
blood count values, raising the possibility that they may be
predictable. Furthermore, these discretionary delays lead
to undesirable health system inefficiencies, leaving unused
space in the infusion suite at the time of the delay while
incurring additional out-of-pocket costs and future clinical
encounters for patients.

Chemotherapy treatment delays are common in
many cancer treatment settings and with many different
chemotherapy regimens. Delays can have differing
implications depending on the goals of treatment (e.g.,
adjuvant vs. palliative-intent therapy) and the feasibility of
altering the treatment plan to prevent a delay. We chose
to study chemotherapy treatment delays among colorectal
cancer patients receiving FOLFOX chemotherapy (folinic
acid, 5-fluorouracil, and oxaliplatin) because this is a widely-
used treatment regimen during which delays and dose-
limiting toxicities are common (1-5).

In clinical experience, delays during FOLFOX are often
caused by neutropenia. Clinical trial protocols for delivery
of FOLFOX chemotherapy have generally mandated
delaying treatment for patients presenting with an absolute
neutrophil count (ANC) that is less than either 1,500 or
1,000 neutrophils/mm’, and for platelet counts less than
100,000 or 50,000 platelets/mm’ (6,7). The necessity of
delaying chemotherapy treatment when blood counts are
below these thresholds is uncertain, especially at their
upper ranges. Chemotherapy is often withheld out of
concern for febrile neutropenia, however existing reports
suggest that this complication is very infrequent with
FOLFOX chemotherapy (reported incidence of 0-8%)
(1,4,6,7). In routine clinical practice there are no established
recommendations for when to delay treatment or adjust
dosing, and the decision to delay chemotherapy treatment is
provider-dependent.

The effects of chemotherapy delays and dose
modifications on colorectal cancer treatment outcomes are
not well understood. However, the costs and inefficiencies
associated with chemotherapy treatment delays are
frequently evident to us in clinical practice. We conducted
this study to better understand the frequency and causes of
treatment delays during FOLFOX chemotherapy.

Methods
Study design and patient selection

We performed a retrospective cohort study of patients
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receiving FOLFOX chemotherapy for treatment of
colorectal cancer. Using electronic chemotherapy treatment
records, we identified patients who received FOLFOX-
type regimens between January 2012 and April 2016 at
either the Norris Cotton Cancer Center (Lebanon, New
Hampshire) or the University of Colorado Cancer Center
(Aurora, Colorado). We defined FOLFOX-type regimens
as chemotherapy regimens containing oxaliplatin and
infusional 5-FU, at a minimum, on a standard 14-day
treatment cycle. We included patients who received
concurrent bevacizumab, cetuximab, or panitumumab. Both
institutions used mFOLFOX6 as the standard FOLFOX
protocol during this period, though leucovorin doses were
sometimes reduced or omitted due to drug shortages.
Patients receiving qualifying chemotherapy regimens were
included regardless of cancer stage or therapeutic intent.
Patients who were treated as part of clinical trials were
excluded, as we aimed to study treatment delays in routine
clinical care. The study was reviewed and approved by the
institutional review board at each of the two participating
centers.

Outcomes

The primary outcome measure was the occurrence of
unplanned chemotherapy treatment delays. Delays were
assessed in cycles 2 through 6; we did not attempt to assess
delays in chemotherapy initiation (cycle 1 delays), and we
limited our analysis to the first six cycles of chemotherapy
because we expected that duration of therapy would vary
substantially after completion of six treatment cycles.
We defined a treatment delay as an interval of more than
18 days between chemotherapy treatments, with the
expectation that most non-delayed cycles would have 14-day
intervals. Delays were considered unplanned when the
delay was not anticipated by the treating oncologist at the
start of the preceding treatment cycle. For example, delays
due to patient travel or holiday plans or planned surgical
procedures were classified as planned delays, and were not
counted under the primary study outcome. We also did not
consider chemotherapy cycles to be delayed when treatment
was discontinued or changed due to disease progression.

Data collection

One reviewer abstracted data from the electronic medical
record at each site. Baseline data collection included
patient age, sex, and therapeutic intent (curative/adjuvant

7 Gastrointest Oncol 2019;10(5):841-846 | http://dx.doi.org/10.21037/jg0.2019.07.03



Journal of Gastrointestinal Oncology, Vol 10, No 5 October 2019

vs. other, as categorized by the treating physician). When
treatments were found to be delayed, the reason for delay
was determined from review of the treating provider’s
documentation in the medical record (including whether
the delay was planned or unplanned). In instances where
the rationale for delay was not explicitly documented, we
reviewed laboratory data to identify the apparent reason for
delay. Reasons for delay were recorded in qualitative notes,

Table 1 Characteristics of patients initiating FOLFOX chemotherapy
Patients (n=214) [%]

Characteristic

Age, years
Median, [IQR] 59 [47-67]
<55 85 [40]
55-64 65 [30]
65-74 48 [22]
>75 16 [7]
Sex
Male 96 [45]
Female 118 [55]
Cycle 1 dose reduction
5-FU, bolus 20 [9]
5-FU, infusional 20 [9]
Oxaliplatin 21[10]
Prior chemotherapy®
Yes 14 (7]
No 200 [93]
Therapeutic intent
Curative 126 [59]
Palliative 88 [41]

¢, excluding prior capecitabine-based chemoradiation.

Table 2 Incidence of delays in chemotherapy treatment, by treatment cycle
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then categorized collaboratively by two or more members
of the research team.

Analysis

We summarized our findings descriptively. The main
outcome measures were the proportion of all evaluated
chemotherapy cycles with unplanned delays, the proportion
of patients with at least one unplanned delay (cycles 2-6),
and the primary reasons for unplanned treatment delays.
In addition to presenting the findings for the overall
population, we performed analyses stratified by age group
(categorized as younger than 55, 55-64, 65-74, and 75 years
and older) and therapeutic intent (adjuvant/curative-intent
vs. palliative/other). We used Chi-square tests to evaluate
for categorical between-group differences in unplanned
delays; we considered findings to be statistically significant
at a threshold of P<0.05.

Results

Across the two study sites we identified 214 patients
receiving standard-of-care FOLFOX chemotherapy for
colorectal cancer. The median age was 59 years, 55%
were female, and 58% were receiving curative-intent (i.e.,
adjuvant) therapy. Cycle 1 dose reductions of one or more
chemotherapy agents were used in 27 patients (13%).
Additional patient clinical and demographic information is
presented in Tible 1.

We identified 961 chemotherapy cycles that were
evaluable for delays (maximum of five evaluable cycles per
patient). Unplanned delays occurred in 124 cycles (13%),
and 43% of patients had at least one unplanned delay prior
to receipt of the sixth treatment cycle. Planned delays
occurred in an additional 68 cycles (7%). Table 2 shows the
incidence of delays by cycle; unplanned delays occurred
with similar frequency across cycles 2 through 6.

Cycle number Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6
Evaluable, n 214 204 191 180 172
Any delay, n (%) 32 (15.0) 38 (18.6) 40 (20.9) 48 (26.7) 34 (19.8)
Unplanned delay, n (%) 29 (13.6) 29 (14.2) 27 (14.1) 20 (11.1) 19 (11.0)
Delay for neutropenia or thrombocytopenia, n (%) 17 (7.9) 18 (8.8) 14 (7.3) 11 (6.1) 14 (8.1)
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Table 3 Reasons for unplanned chemotherapy treatment delays

Reason n (% of all unplanned delays)
Neutropenia 54 (43.5)
Thrombocytopenia 20 (16.1)
Infection 11 (8.9)
Chest pain 6 (4.8)
Elevated LFTs 5 (4.0)
Dehydration 5 (4.0)
Nausea/vomiting 5 (4.0)
Fatigue 5 (4.0)
Oxaliplatin hypersensitivity 3(2.4)
Other® 10 (8.1)

a

, includes delays for venous thromboembolism, pain, seizure,
and dental emergency.

The most common reasons for unplanned treatment
delays were neutropenia (accounting for 44% of unplanned
delays) and thrombocytopenia (16%). Additional reasons
for unplanned delays are shown in 7able 3. Seventy-two of
214 patients (34%) had at least one delay for neutropenia
and/or thrombocytopenia during cycles 2-6. Among
patients with delays caused by cytopenias there was a wide
range in cell counts at the time of delay. In cycles delayed
for neutropenia, ANC ranged from 0.18 to 1.36 K/mm’
[median 0.89 K/mm’, interquartile range (IQR), 0.70-1.10].
In cycles delayed for thrombocytopenia, platelet counts
at the time of the delay ranged from 52 to 97 K/mm’
(median 76.0 K/mm’, IQR, 63-85). We identified only one
documented episode of febrile neutropenia in this analysis.

We performed subgroup analyses with stratification
by age group and by curative-intent vs. palliative
chemotherapy. There was no significant difference in the
incidence of unplanned treatment delays by age group (Chi
square P value =0.54), with one or more unplanned delays
occurring in 38% of patients age 54 years and younger
(n=85), 49% of patients age 55-64 (n=65), 42% of patients
age 65-74 (n=45), and 47% of patients age 75 and older
(n=19). The incidence of unplanned delays also did not
differ significantly between patients receiving curative-
intent vs. palliative treatment (44% vs. 41% of patients with
unplanned delays, P=0.60). Of note, the proportions of
unplanned delays attributable to hematologic toxicities was
greater in curative-intent vs. palliative treatment (67% vs.

45% of cycles, P=0.03).
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Discussion

The main objective of our study was to determine the
frequency of unplanned delays in patients receiving FOLFOX
chemotherapy. Unplanned delays affected 13% of all
evaluated chemotherapy cycles, and almost half of our study
population (43%) experienced at least one unplanned delay
during the first six cycles of treatment. Cytopenias, primarily
neutropenia, were the main contributing cause for delay in
60% of cycles with unplanned delays. Cytopenias were rarely
severe in degree, and we identified only one episode of fever
and neutropenia in our cohort of 214 patients. These findings
were generalizable across patients receiving chemotherapy
with either adjuvant or palliative intent.

Our findings regarding the prevalence and causes of
unplanned delays are largely consistent with prior studies
of real-world populations. Smoragiewicz et al. studied
114 patients receiving FOLFOX as adjuvant chemotherapy
for colon cancer; they observed dose-limiting toxicities in
22% of treatment cycles, and most dose-limiting toxicities
were associated with treatment delays (1). Neutropenia
accounted for 51% of all dose-limiting toxicities in this
series. Kim ez al. reported on 246 patients receiving adjuvant
chemotherapy for colon cancer, primarily with FOLFOX (2).
After three months of treatment (approximately six
treatment cycles) 30% of patients had experienced a
treatment delay, with hematologic toxicities accounting for
most delays.

In a notable divergence from our own study and from
those described above, Chiarotto and Dranitsaris report very
low rates of chemotherapy treatment delays during FOLFOX
chemotherapy (2.2% of all chemotherapy cycles) (8).
Typical thresholds for neutrophil or platelet counts were
not applied in this observational series, and treatment was
delivered without delay in patients with neutrophil counts as
low as 100 neutrophils/mm’ (with dose-reductions in some
cases). Despite this aggressive approach, febrile neutropenia
was observed in only six patients (4.6%) in this cohort. In
summary, the existing literature suggests that delays and
“dose-limiting” toxicities are frequent in routine practice;
however, there is scant evidence that delaying chemotherapy
using typical blood count thresholds is necessary to preserve
patient safety.

A key implication of our findings is that many cytopenia-
related delays during FOLFOX chemotherapy may be
unnecessary. Strategies for avoiding these cytopenia-
related delays could include implementation of revised
default criteria for neutrophil and platelet count treatment
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thresholds (9,10). The experience reported by Chiarotto
and Dranitsaris (8) suggests that commonly employed
ANC thresholds are highly conservative (e.g., delaying
chemotherapy for ANC <1 or 1.5 K/mm®), and that rates
of febrile neutropenia are low even when FOLFOX is
given at much lower neutrophil counts. Since current
treatment strategies commonly employ both a delay
and a chemotherapy dose reduction for cytopenias,
an alternative approach could be to implement dose
reductions instead of delaying treatment. The safety
of strategies for avoiding cytopenia-related treatment
delays could be further supported by implementation
of pretreatment pharmacogenomic testing to identify
uncommon DPYD gene polymorphisms that are associated
with severe and potentially life-threatening neutropenia
during fluoropyrimidine chemotherapy (11,12). While
pharmacogenetic screening for DPYD mutations has not
yet been adopted at scale or included in colorectal cancer
treatment guidelines, substantial new evidence to support
this practice has emerged in recent years (13,14).

An additional strategy for avoiding neutropenia-
related delays could be to increase the use of granulocyte
colony stimulating factor (G-CSF). Prior studies have
demonstrated that use of G-CSF with chemotherapy can
reduce the incidence of neutropenia, febrile neutropenia,
and chemotherapy delays during palliative treatment of
colorectal cancer (15,16). These studies included twice-daily
temperature measurement, which is not standard practice
during chemotherapy treatment and which may have led to
overdetection of febrile episodes. In the case of colorectal
cancer, evidence is lacking to support an association of
G-CSF use with improved overall survival in either the
adjuvant or palliative setting. Furthermore, pegylated
G-CSF agents are costly (average sales price of $4,681 per
administration) (17), and patient copays for these drugs
can contribute to the increasingly recognized problem
of “financial toxicity” (18). For these reasons, we do not
recommend strategies that would involve reflexive use of
G-CSF in order to reduce chemotherapy treatment delays.

Some limitations of our study include the relatively
small sample size and the retrospective nature of the study.
However, our findings are consistent with prior research.
Our focus on delays in chemotherapy treatment is a strength
of this study, as prior studies have focused on chemotherapy
dose-intensity or dose-limiting toxicities without a specific
focus on treatment delays.

In summary, unplanned delays are common during
treatment with FOLFOX chemotherapy, and most delays
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are attributable to hematologic toxicities (especially
neutropenia). At the same time, thresholds for delaying
chemotherapy due to neutropenia or thrombocytopenia
are not evidence-based. Delays in chemotherapy treatment
reduce chemotherapy dose-intensity, and unplanned delays
lead to more office visits and increased out-of-pocket costs
for patients. Strategies for reducing unplanned delays
include relaxation of overly stringent hematologic treatment
criteria, use of selective chemotherapy dose adjustments
without concomitant delay, and use of G-CSF without
concomitant delay (if the alternative strategy would have
been G-CSF use after a delay). We suggest the development
and testing of well-defined, proactive approaches using
these strategies during FOLFOX chemotherapy treatment,
particularly in the case of otherwise asymptomatic grade 3
neutropenia (ANC 500-999/mm’).
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