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Abstract

Prognostication is defined as “a statement about what is going to happen in
the future.” In the medical arena it pertains to predicting the course and survival
of a patient with certain disease processes. It is both a science and an art.
Although it is recognized that no physician can ever certainly predict what the
future holds, a reasonable estimation of the course ahead can certainly be
ascertained and communicated to their patients. Unfortunately, prognostication,
especially in advanced cancer, is fraught with many difficulties including not only
omission of such discussions, but also inaccurate estimations. Using a case of
a patient with metastatic lung cancer whose likelihood of survival was grossly
misjudged, we outline how to approach prognostication in advanced cancer.
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Case Presentation

Mr. Z was a 69 year old caucasian male who had presented to
the emergency department for community acquired pneumonia that
had failed outpatient antibiotic therapy. He complained of ongoing
cough, production of thick phlegm, low grade fevers and severe back
and right hip pain since the last 2 weeks. He also stated during the
past few months his desire to eat had decreased, he had lost 20 pounds
and that he felt tired, short of breath on exertion and was spending
more of his time in bed. Prior to this he was a healthy male with
history of hypertension and diabetes mellitus. He was retired, had
previously worked as a building contractor and served in the Vietnam
War with documented exposure to Agent Orange. Although he no
longer smoked, he had a history of 30 pack-years. On examination, he
had rhonchi in the right lower lobe of his lung, tenderness of upper
thoracic area of back and limited range of motion of his right hip. He
was noted to have a white blood cell count of 17 K/mm?® (normal range
4.4- 10.7 K/mm?®), albumin of 2.8 g/dL (normal range 3.4- 4.5 g/dL)
and corrected calcium of 12.3 mg/dL (normal range 8.4- 9.8 mg/dL).
Computed Tomography (CT) of the thorax was performed which
showed a new large right upper lobe mass occluding the bronchus
and extending into the mediastinum. Post-obstructive pneumonia
was noted with mediastinal adenopathy. Upon further imaging the
patient was found to have metastatic bone destruction of his thoracic
vertebrae and right femur.

He was admitted to the acute medicine service and was given
antibiotics, intravenous fluids, a bisphosphonate and opioids.
Bronchoscopy was performed and the biopsy revealed invasive non-
small cell carcinoma. The oncology service was called in to talk to
the patient and family about chemotherapeutic options. During the
meeting treatment with carboplatin and paclitaxel was presented,
along with the possibility of radiation and immunotherapy with the
novel agent nivolumab should he progress on standard treatment,
based on which he was offered a prognosis of up to three years.

The palliative care team was called for the discussion of advance

directives. They reviewed the case and collaborated with the medicine
and oncology service, inviting the services to their meeting with
the patient as they disagreed with the survival time that had been
communicated. The patient was receptive to talking about his disease,
having prognosis conveyed and discussing goals of care. Based on
priordiscussions with healthcare providers, the patient and family
had optimistic expectations. Given his advanced metastatic non-small
cell lung cancer with bone involvement, deteriorating functional
status, dyspnea, post-obstructive pneumonia, hypoalbuminemia and
hypercalcemia, the patient and family were told by the palliative care
team that his life expectancy was likely in the realm of weeks to three
months and after exploring his goals, recommended hospice care.
The patient had difficulty accepting this and expressed the desire for
aggressive chemotherapy with no limitations of care.

Over the next few days he became hypoxic, increasingly short
of breath, delirious and repeat CT revealed bilateral pulmonary
embolisms. He was started on anticoagulation and haloperidol. His
hypercalcemia did not respond to treatment. The palliative care team
now revisited prognosis with the patient and his family. Although he
was no longer cognitively intact, the family was told that his passing
away seemed more imminent, as in days to weeks. They were saddened
but appreciated the honest disclosure. The patient’s respiratory status
improved but his delirium did not reverse and he went on to receive
“palliative” chemotherapy per oncology who offered this to honor
the patient’s wishes. The subsequent day he deteriorated further
and imaging showed his right lung had collapsed due to tumor
progression. Another family meeting was held at which point in time
the family decided they wanted the patient to be comfortable and not
undergo intubation or pursue other treatments. He was brought to
the palliative care inpatient unit where he was given oxygen, opioids
around the clock for pain and relief of dyspnea, with breakthrough
medication and treatment for his delirium. He passed away peacefully
in two days and the family went on to raise funds for supporting
palliative care at the hospital.
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The patient’s actual survival from time of diagnosis of cancer
to death was twenty-seven days. The clinician calculation of his
inaccurate prognosis in the realm of three years led to his decision
for harmful treatments near the end of life, created mistrust of the
palliative care team and generated emotional and psychological
turmoil for the patient and the family due to drastically conflicting
estimations of survival.

Introduction

Prognostication is one of the core skills in medicine [1]. When
healthcare providers estimate survival, they must face some of the
most serious, emotional and meaningful aspects of their careers
[2]. Unfortunately, there is often an emphasis on diagnosis, staging
and therapeutics in cancer rather than predicting and conveying
prognosis [3]. As medicine leads physicians further away from
attaining this skill, they lack the necessary confidence of ascertaining
the disease course and likelihood of survival. As an example, amongst
a cohort of 697 internists; 89% believed they should avoid being too
specific, 80% believed patients expected too much certainty, 60%
found making a prognosis stressful and 58% termed it difficult, 56%
felt they had inadequate training in prognostication, 50% believed if
they were to make an error, patients would lose confidence in them
and 43% preferred to wait to be asked by a patient before offering
predictions [4]. A systematic review was conducted of 46 studies
relating to discussing prognosis with patients with progressive,
advanced life-limiting illnesses. Results showed that although the
majority of physicians believed that patients and caregivers should
be told the truth about the prognosis, in practice, many withheld
these discussions. Reasons included perceived lack of training, stress,
limited time, fear of a negative impact on the patient, uncertainty
about prognostication, requests from caregivers to withhold
information and a feeling of hopelessness regarding the unavailability
of further curative treatment [5].

On the other hand, majority of patients and families want
information regarding the illness, possible future symptoms and
their management, and expected survival [6, 7], especially when
dealing with cancer [8]. Patients report that they want to have time
to express their wishes, to appoint healthcare proxies, to put their
financial affairs in order and to make their funeral preparations [9].
Contrary to physician worries [10], prognostic information itself has
not been found to contribute towards depression in patients with
advanced cancer [11]. Also, when relaying prognostic information,
patients with incurable cancer characterized doctor’s behaviors such
as appearing to be nervous or uncomfortable, or using euphemisms,
as not facilitating hope [12].

Communication of prognosis is essential because it may help
facilitate discussion of advance directives which in itself allows
patients to avoid potentially harmful and inappropriate cancer
therapies towards the end of life [13-15]. Accurate prognostication
also results in a higher likelihood of the focus towards aggressive
symptom management [16] emphasis on better quality of life and
expedited referrals to hospice services [17].

Unfortunately even when physicians do convey prognosis, they
are likely to be grossly inaccurate [18] and overoptimistic [19].
Physician approximation of survival is commonly overestimated by
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Figure 1: Cancer disease trajectory.

a factor of three to five [20]. The recognition of this phenomenon and
the progress of palliative medicine have served to startshifting focus
towards better training in prognostication.

Formulating a prognosis in advanced cancer

Primarily, it should be recognized that estimation of life
expectancy in advanced cancer patients is feasible and facilitated
by a number of tools the physician has at their disposal, such as the
presence of certain signs and symptoms, laboratory examinations,
and prognostic scores [21,22]. While cancer patients are commonly
staged by the size of their tumor, how sick they are from the tumor
and other medical conditions should not be ignored [23].

Understanding the disease trajectory of cancer: Patients with
cancer experience a sharp decline in functional status [24] and
quality of life [25] in the last months of life, which can occasionally be
blunted by treatment (Figure 1), whereas other diseases tend to have
a more gradual decline. Recognizing illness trajectories improves our
understanding of the patient and families’ needs [26]. Identifying
where the patient lies in the course of disease is important because at
earlier stages prognostication is typically based on tumor stage [3,27],
whereas this is not the case in advanced disease.

Clinical estimation of survival (CES): As outlined before, CES
has inherent shortcomings. It has been shown that more experienced
physicians [20,28,29] and those in hospice or palliative medicine fields
[30] have higher prognostic accuracy. Also, the longer the duration of
doctor-patient relationship, the lower the prognostic accuracy [20].

However, CES is still considered one of the main criteria driving
patient therapeutics [31]. In a review published in 2000, CES was
reported as having an independent effect on patient survival when
used with other prognostic tools [27].

Physicians are more likely to be able to predict prognosis in
cancer patients who would survive for three months, and those who
would not, as compared to discrimination between patients who
would survive for one year and those who would not [32]. Therefore
revision of CES over the course of disease is advisable.

Performance status: Performance Status (PS) is a global measure
of a patient’s functional capacity. There are a number of scales
currently used to help physicians assess PS such as the Karnofsky
Performance Status (KPS), the Eastern Cooperative Oncology Group
(ECOG) PS and the Palliative Performance Scale (PPS).
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Value Level of Functional Capacity

100 Normal, no complaints, no evidence of disease

90 Normal activity with effort, some signs or symptoms of disease

80 Able to carry on normal activity, minor signs or symptoms of disease

70 Cares for self, unable to carry on normal activity or to do active work

60 Requires occasional assistance, but is able to care for most needs

50 Requires considerable assistance and medical care

40 Disabled, requires special care and assistance

30 Severely disabled, requires hospitalization although death is not
imminent

20 Hospitalization is necessary, very sick, active supportive treatment
necessary

10 Moribund, fatal processes progressing rapidly

0 Dead

Figure 2: Karnofsky Performance Status.

ECOG Description

Q Fully active, able to carry on all pre-disease performance without restriction.

1 Restricted in physically strenuous activity but ambulatory and able to carry
out work of a light or sedentary nature, e.g., light house work, office work.

2 Arnbulatory and capable of all selfcare but unable to carry out any work
activities. Up and about more than 50% of waking hours.

3 Capable of only limited selfcare, confined to bed or chair more than 50% of
waking hours.

4 Completely disabled. Cannot carry on selfcare. Totally confined 1o bed or
chair

5 Dead

Figure 3: ECOG Performance Status.
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Figure 4: Palliative Performance Scale.

The KPS is the most widely used tool for quantifying the functional
status of cancer patients [33,34] (Figure 2). It accounts for statistically
significant prediction in survival of patients with advanced cancer
[35-40] with higher specificity for lower KPS levels. Each increase in
one KPS level, e.g., 20 to 30, yields an increase of approximately 15
days of survival in patients with terminal cancer [37]. KPS less than
50 is generally associated with worse prognosis [18], with KPS 30-40
correlating with median 7 week life expectancy and KPS 10-20 with
median 2 week life expectancy in cancer patients [37].

The ECOG performance status is predictive of survival in both
advanced and terminal cancer [41-45] (Figure 3) and has less inter-
observer variability [46]. It is also routinely used in the selection of

patients for chemotherapy and early phase clinical trials [47,48].

The PPS is a derivative of KPS (Figure 4), with criteria including
disease extent, ambulation, activity, self-care, intake and level of
consciousness. The PPS score has been shown to have prognostic
value, with PPS 10-20 correlating with median survival of 6 days, PPS
30-50 with median survival of 41 days and PPS 60-70 with median
survival of 108 days [49,50].

Symptoms: National Hospice study data revealed fivecardinal
symptoms that predicted survival: Dyspnea, anorexia, weight loss,
xerostomia and dysphagia [37]. Asthenia, confusion, drowsiness
and delirium have also been shown to have prognostic value in
terminal cancer [51]. In patients with advanced cancer, the presence
of dyspnea portends a survival of less than 30 days [40], anorexia less
than 58 days [40,51], xerostomia less than 50 days [52], dysphagia less
than 30 days [40] and confusion less than 38 days [51,52]. In general,
the greater the number of symptoms present, the worse the prognosis
[52,53].

Biologic parameters: A number of biomarkers are often looked
at for prognosis and in combination with other factors can be helpful.
These have been extensively described in the literature. Low serum
sodium in cancer patients with values less than 137 mEq/L have
an increased risk of death [54]. Low albumin is indicative of poor
survival, independent of other factors [55]. High total WBC and low
lymphocyte percentage are related to poor prognosis [18,56,57].

Thrombocytosis is another negative prognostic indicator studied
in multiple cancers such as gastric [58], esophageal [59], cervical
[60,61], ovarian [62], renal [63,64] and lung [65,66]. Other biomarkers
of prognostic value in cancer patients include elevated serum
bilirubin [67], elevated alkaline phosphatase [68,69] and elevated
lactate dehydrogenase levels [18,55]. Increased levels of C-reactive
protein independently [70] and associated with vitamin B12 greater
than 600 pmol/L in cancer patients is associated with higher mortality
[71]. It has also been shown that uric acid levels greater than 7.2mg/
dL correlated to mortality in cancer patients [72].

In patients with malignant hypercalcemia, life expectancy is poor
as approximately 50 percent of such patients die within 30 days [73],
though there is evidence to suggest treatment improves survival [74].
Nevertheless, recurrent hypercalcemia can bedifficult to control [75].
Hypercalcemia leads to progressive mental impairment and renal
failure, which are common terminal events in patients with cancer
[76].

Prognostic scores: Using a combination of the factors described
above, a number of prognostic scores have been developed that
permit a rapid estimate of life expectancy by placing patients into
broad groups that differ significantly in survival [21]. Two widely
used scores are the Palliative Prognostic Index (PPI) and the Palliative
Prognostic Score (PaP).

The PaP (Figure 5) incorporates KPS, CES, anorexia, dyspnea and
biomarkers and has been extensively validated [56,77-79]. Numerical
scores are given to each variable which are summed up. The total
score then stratifies patients into 3 groups which correspond to
30 day survival [56]. As it includes biomarkers, calculation of PaP
requires blood draws. One main criticism of the PaP is the inclusion
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Partial score

Dyspnoea

No

Yes 1

Angrexia

Mo

Yes 15

Karnofsky performance status

=30% 0

10-20% 25

Clinician's estimate of survival {weeks)

=12 ]

11-12 2

7-10 25

56 45

-4 6

1-2 8.5

Total white cell count

& 25 0

8.6-11.0 0.5

»11 15

Lymphocyte percentage

20-40% 0

12-19.9% 1

<12% 25

Risk groups Total score

A (30 day survival probability »70%) 0-5.5

B (30 day survival probability 30-70%) 5.6-11

C (30 day survival probability <30%%) 11.5-17.5
Figure 5: Palliative Prognostic Score.

of the subjective nature of the CES and substitute prognostic models
have been developed using only clinical and laboratory values [80].
Furthermore, delirium is not incorporated into the PaP which was
later shown to sub divide each population categorized by the PaP
Score into two further prognostic subgroups [81].

The PPI (Figure 6) focuses on functional status and symptoms
and has been shown to significantly improve CES when dealing with
cancer patients [82]. It includes PPS, oral intake, dyspnea, edema and
delirium. Based on the score assigned, patients are allocated into one
of three groups, indicating survival times less than 6 weeks, 3-6 weeks
or greater than 6 weeks. The PPI is quick and easy to use, and can be
applied to patients with cancer, whether in the hospital or at home
[83].

Other clinical signs: Adjusting for age, race, and stage, diagnosis
of venous thromboembolism during the first year following
cancer diagnosis has been found to be a significant predictor of
decreased survival [84,85]. Infections such as pneumonia carry an
increased risk of death [86] and may also preclude patients from
chemotherapy. While there is a lack of evidence cited in the literature,
as an anecdotal observation, patients with advanced lung cancer who
develop recurrent post-obstructive pneumonias despite radiation or
chemotherapy usually have a short term prognosis and die within a
few months.

Factor Partial score
PPS 10-20% 4

PPS 30-50% 25

PPS >50% 0
Delirium 4
Dyspnoea at rest 35

Oral intake mouthfuls or less 25

Oral intake reduced but more than mouthfuls 1

Oral intake normal o
Qedema 1

Total score (sum of partial scores) and expected survival
« Group A ( total score <2.0): greater than 6 weeks

» Group B (2.0-4): 3-6 weeks

« Group C (>4.0): less than 6 weeks

Figure 6: Palliative Prognostic Index.

Prognostication pearls

Prognosis should usually be conveyed in ranges, such as hours
to days, days to weeks or weeks to months. Distinction of survival
less than 6 months is important to determine eligibility for hospice
services. All clinicians must recognize that prognosis is not static
and any acute change can alter prognosis significantly. Therefore
physicians must be ready to readdress and revise prognosis with
patients and family members as often as needed.

Palliative care and focus on prognostication

Involvement of palliative medicine can provide input to the
primary service and help in prognostication of patients [87]. Patients
with stage III to IV cancer with comorbidities, symptoms or poor
functional status should be considered for a palliative care consult.

Conclusion

Despite its challenges, there are a number of tools available to help
physicians prognosticate patients with advanced cancer. Multiple
factors need to be considered when anticipating survival and it is
insufficient to rely on tumor stage only. Physicians must ensure they
are not missing the big picture, as in the case of our patient who not
only had advanced lung cancer but was also suffering from dyspnea,
anorexia, hypoalbuminemia, hypercalcemia and pneumonia with
deteriorating functional status, then went on to develop bilateral
pulmonary embolisms and delirium. He was still being told he may
have a prognosis of up to years due to novel chemotherapeutic drugs
available even if standard chemotherapy failed. Our patient received
one dose of first-line chemotherapy and did not live long enough to
receive a second dose or second-line chemotherapy.

Increased accuracy of prognosis helps patients and surrogates
make advance directive decisions, allows for preparations, shifts
focus towards symptom management and helps avoid burdensome
or possibly harmful treatments as patients become sicker. Often a
palliative care consult can be initiated early in the disease trajectory
to facilitate with prognostication and outlining goals of care.
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